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Monitoring treatment surface quality in chiropractic clinics have never 
been more important than during the current COVID-19 pandemic. 
The purpose of the study was to test if the UltraSnap™ Surface ATP 
(Adenosine Triphosphate) Test kits could be used to monitor surface 
cleanliness of the Chiropractic treatment tables within the Doornfontein 
Chiropractic Training Clinic at the University of Johannesburg. This 
included developing and proposing a monitoring protocol for infection 
control and prevention measures within the training clinic.  
METHODOLOGY 
The study was a two-phase quantitative study using the UltraSnap™ 
Surface ATP test swabs and Replicate Organism Detection and 
Counting (RODAC) agar contact plates. ATP levels were represented 
by Relative Light Units (RLU’s) and RODAC samples were measured 
as Colony Forming Units (CFU’s).  
During phase 1 of the study, both testing methods sampled two areas 
on each bed to identify any correlation with microbial loads and levels 
of ATP.  Three treatment tables were selected as controls for sampling 
before and after disinfection to monitor the effectiveness of the 
disinfectant. Data collected was used to determine sampling protocols 
for phase 2. During phase 2 of the study, only the UltraSnap™ Surface 
ATP tests were used to sample four areas (head piece, thoracic piece 
and both left and right armrests) on each treatment table to detect any 
observable trends. The samples were collected over a 3-week period, 
on Monday and Thursday afternoons during the first week and on 
Thursday afternoons for the last 2 weeks. Samples from the RODAC 
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plates were then counted to determine the total viable counts 
compared to the ATP levels for the corresponding areas on each 
treatment table.  
RESULTS 
The results comparing RODAC plating versus ATP testing revealed no 
apparent linear correlation to suggest a direct link.  A weak but positive 
monotonic relationship was found using Spearman’s correlation 
indicating that increasing values of RLU are associated with increasing 
values of CFU (r = 0.323, n = 94, p = 0.001).  
As suggested by Hygiena©’s guidelines, RLU limits were calculated 
specifically for Chiropractic treatment tables where threshold 
categories were 132 RLU for a Pass, 133-395 RLU for a Caution and 
>396 RLU for a Fail. According to RLU limits, results utilising ATP 
testing alone revealed a 45% fail, 43% pass and 12% caution rate of 
the treatment bed samples taken. According to ‘Levels of Hygiene’ 
measuring microbial loads as adapted by Kingham et al. (2019), results 
showed that of the RODAC samples, 64% were Adequate (10 
CFU/25cm²), 15% were Fair (11–25 CFU/25²) and 21% were 
Inadequate (>25 CFU/25cm²).  
When comparing ATP samples for the four sites, the thoracic piece 
had the highest average (M = 175 RLU) whereas the head piece had 
the lowest average (M = 142 RLU) per site tested. As for individual 
areas, the thoracic piece showed the largest average decrease 
(271.5) from disinfection and the left armrest showed the lowest 
average decrease (78.5). The Mann-Whitney test confirmed that 
there was a statistically significant difference (p = 0.0004) between 
the ATP readings of the inner and outer treatment rooms in the clinic 
as previously reported by Kingham et al. (2019).  
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CONCLUSION 
The results from 3 weeks of surface sampling showed that Chiropractic 
treatment tables could successfully be monitored using RODAC plating 
and ATP testing to show cleaning efficiency. Overall, the information 
gathered by this study both supports and emphasises the utilisation 
of ATP testing in conjunction with microbial culturing to monitor the 
environmental cleanliness of Chiropractic treatment tables at the UJ 
Chiropractic clinic. The value of ATP testing alone is recommended 
for monitoring cleaning practices and successes by disinfectants. 
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1.1 Introduction  
 
Contaminated surfaces play an important role in the transmission of 
healthcare-associated infections and there is an increasingly urgent 
need to monitor the cleanliness of surfaces in medical and health 
disciplines. Appropriate cleaning, and the control thereof are essential 
in order to improve overall cleanliness and reduce microbial 
contamination.  
 
Chiropractic student interns have explored the environmental 
contamination that exists throughout the University of Johannesburg’s 
(UJ) Chiropractic clinic; from discovering and identifying various 
pathogens on treatment tables to proving the necessity of a disinfection 
protocol to lower the risk of infection. Therefore, the next step and this 
study investigated the need to maintain and monitor appropriate 
hygiene procedures and practices on a routine basis in the clinic.  
 
Traditional microbial testing is labour-intensive and costly to implement 
in routine monitoring which created the opportunity to introduce 
UltraSnap™ Surface ATP (Adenosine triphosphate) Test, a more rapid 
method which measures micro contamination on surfaces expressed 
in Relative Light Units (RLU) to assess surface cleanliness. 
 
1.2 Aims of the study  
 
The purpose of this study was to utilize UltraSnap™ Surface ATP Test 
kits to monitor surface cleanliness of the Chiropractic treatment tables 
within the Doornfontein Chiropractic Training Clinic at the University of 
Johannesburg. This included three main objectives. The first objective  
was to compare UltraSnap™ Surface ATP Test methods with RODAC 
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Plating methods on test beds and control beds. The second objective 
was to determine the best sampling protocol based on sampling day 
and sampling site on the Chiropractic treatment table. The third 
objective was to utilize ATP testing alone according to the outcomes 
from objective one and two which included using the RLU Limit 
detection categories and evaluating treatment bed cleaning efficiency.  
 
1.3 Possible outcomes and benefits  
 
This study will contribute information on the appropriate use of the 
UltraSnap™ Surface ATP tests for monitoring the total surface 
cleanliness of Chiropractic treatment table surfaces. Based on the data 
obtained, recommendations will be made to monitor the appropriate 
























2.1 Introduction  
The Chiropractic clinic has been a matter of interest concerning the 
environmental contamination (Kruger, Yelverton, Barnard and van der 
Loo, 2017; Perdijk, Yelverton and Barnard, 2017), leading to the 
implementation of a hygiene and disinfecting protocol (Bowes, 
Yelverton, Barnard and Singh, 2018) that requires a system to monitor 
its efficacy. Traditionally, microbial testing would be deemed the 
method for sampling and monitoring for cleaning practices, but the 
disadvantage is that these methods are labour-intensive and costly to 
be used on a routine basis in the clinic. UltraSnap™ Adenosine 
Triphosphate (ATP) Surface Tests can provide a more rapid means of 
monitoring surface cleanliness, producing real-time results which will 
ultimately provide data to be used for assessing the cleanliness within 
the clinic (Whiteley, Glasbey and Fahey, 2016). Such a system may 
potentially succeed at being utilised for monitoring if cleaning protocols 
have been effective or not.  
Without a high standard of prevention and management of healthcare 
associated infections (HCAIs) within health care settings, patients, 
visitors and health care members are at an increasing risk of being 
affected by them. The minimum standards set by the National Infection 
Control Policy and Strategy of South Africa (NICPS) (2007) 
recommends that regular sampling be done to determine surface 
cleanliness in health care establishments. Inadequate cleaning 
practices of physical healthcare environments contribute to the chain 
of infection and modes of transmission for pathogens whereby 
microorganisms are left behind to flourish on inanimate surfaces    
(Dancer, 2014).  Studies reveal that various hospital facilities use either 
visual observation (27%) and objective measures such as ATP 
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systems (4%), fluorescent gel (2%) and agar cultures (2%) for daily 
hygiene monitoring (Pyrek, 2017). Provided that such forms of 
monitoring systems are ongoing, systematic and optimal, healthcare 
environment cleanliness can improve. Visual inspection has proven to 
be insufficient to be used alone in evaluating the quality of cleaning and 
disinfection (Griffith, Malik, Cooper, Looker and Michaels, 2003).  
This created the opportunity to implement additional monitoring 
systems such as the UltraSnap™ Surface ATP Test that can be 
adapted for continuous use in the Chiropractic Training Clinic at the 
University of Johannesburg (UJ), Doornfontein (DFC).  
2.2 The Chiropractic Profession  
Chiropractic is one of the largest complementary and alternative 
medicine professions, being used so popularly to become the third 
most utilised  profession in the world after medicine and dentistry 
(Chiropractic Association of South Africa (CASA), 2018). The World 
Health Organisation (WHO) has defined Chiropractic as “a health care 
profession concerned with the diagnosis, treatment and prevention of 
disorders of the neuro-musculoskeletal system and the effects of these 
disorders on general health. There is an emphasis on manual 
techniques, including joint adjustment and/or manipulation, with a 
particular focus on subluxations” (2005). Such manual therapies are 
widely done with a hands-on approach in order to reach the best 
possible outcome for each patient. Back pain is the second most 
treated complaint worldwide, after the common cold, and is the most 
typical reason for seeking care from a Chiropractor (Lawrence, 2007). 
Treatment will involve the standard history taking, physical and 
regional assessment followed by the appropriate treatment protocol 
specific to that patient. In every setting, there is direct contact between 
doctor and patient, in order to diagnose and manage each case 
precisely. Without the initial use of medicines, drugs and surgery, 
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Chiropractic is based on a complementary approach in treating 
relevant conditions (Goertz, Long, Vining, Pohlman, Walter and 
Coulter, 2018).   
2.2.1 Chiropractic Day Clinic DFC 
Located at the University of Johannesburg in DFC situates a 
Chiropractic treatment clinic occupied by senior Chiropractic interns 
offering treatment under the guidance and supervision of qualified 
practitioners. Such treatments are provided for a wide range of 
musculoskeletal conditions including lower back pain, headaches 
and neck pain, sporting injuries and any other joint or muscular 
related condition. The clinic hours operate from 08:30 until 17:00 with 
two rotating groups of Chiropractic interns. There is a total of N=22 
available treatment rooms, each consisting of a functioning 
Chiropractic treatment table for an average of 30 Chiropractic inters 
to work between during four-hour shifts. A wide range of treatments 
performed brings in a ranging population of patients due to the low 
rates offered in order to ensure availability to all sectors of the 
community.  
2.2.2 Chiropractic Treatment  
During each consultation and further treatment processes, patients are 
required to be exposed and physically evaluated for the Chiropractic 
student interns to provide accurate assessments and treatments. 
Patients will either remove their item of clothing and place on a gown 
provided for the spinal area and surrounding structures to be managed. 
During a session, the physical examination using diagnostic and 
orthopaedic tests are performed by means of palpation that requires 
the act of feeling with the hands (Peterson, LeFebvre and Haas, 2012). 
The treatment is followed, consisting of spinal manipulative therapy 
which is comprised of all procedures where the hands or mechanical 
devices are used to mobilize, adjust, manipulate, apply traction, 
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massage, stimulate or otherwise influence the spine and paraspinal 
tissues with the aim of influencing the patient’s health (WHO 2005). 
Other therapies can include dry needling which is carefully performed 
in a sterile environment using medical gloves and clean equipment.  
This hands-on approach of Chiropractic is crucial for physical 
assessment, diagnosis and relevant treatments is also a critical point 
of contact for sources of pathogens and infection transmission (Evans, 
Ramcharan, Floyd, Globe, Ndetan, Williams, and Ivie, 2009). Each 
treatment table within the clinic is covered by vinyl and is either 
disinfected or covered in a treatment towel or both during each 
individual consultation. Each Chiropractic intern has been informed on 
the hygiene protocols to be used for bed surfaces and their hands 
(Bowes et al. 2018) in order to prevent potentially harmful 
transmissions from occurring.   
2.2.3 Previous Studies  
The Chiropractic clinic has been explored and studied for 
environmental contamination and the hand hygiene practices of 
Chiropractic interns that led to the use of a disinfection protocol for the 
bed surfaces and an educational intervention to ensure hand 
sanitisation (Kruger et al. 2017; Perdijk et al. 2017; Bowes et al. 2018). 
Kruger et al. (2017) showed that cleaning interventions to bed surfaces 
would lower the risk of infection to patients due to positive findings of 
bacterial survival when they were left without cleaning. The study went 
further to illustrate the efficacy of Distel™ and alcohol as adequate 
disinfectants for vinyl Chiropractic treatment beds which would limit 
bacterial growth. Perdijk et al. (2017) revealed and confirmed the highly 
pertinent task of hygiene protocols needed to be taken of the 
environment such as the bed surfaces and of personal care being the 
healthcare providers hand hygiene. The study isolated microorganisms 
surviving on Chiropractic treatment tables which although mostly 
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harmless, would pose a risk to immune compromised patients. It was 
further recommended that additional to a cleaning intervention,  
measuring of microbial contamination was highly necessary for 
monitoring and prevention (Perdijk et al. 2017).  
The possibility of microorganism spreading between the Chiropractor, 
patient and treatment table was explored by Ramsden, Yelverton, 
Barnard and Singh (2019) using Glo-Germ™ cream as a surrogate for 
microorganism’s with the study confirming the high transfer rates and 
routes present from the Chiropractor to the patient’s head, neck and 
ears. It was further emphasised by Ramsden et al. (2019) that hygiene 
practices and the prevention of infection transmission is critical to the 
future of Chiropractic practice, especially given the potential for the 
profession entering hospital settings. With more than a couple of 
studies emphasising the importance for cleaning intervention in the 
clinic and the eventual implementation of Distel™ for bed surface 
cleaning it, was Kingham, Yelverton, Barnard and Singh (2019) who 
began a monitoring protocol. The study utilized microbial culturing 
which was successful in demonstrating that there were poor hygiene 
practices amongst the Chiropractic interns because of high microbial 
counts (Kingham et al. 2019).  
2.3 Healthcare-Associated Infections  
When a patient under medical care within a healthcare facility acquires 
an infection that was neither present nor incubating at the time of 
admittance, the culprit is referred to as being a Healthcare-Associated 
Infection (HCAI) (Jenkins, 2017). It is also known by its generic name 
nosocomial infection which is used interchangeably throughout 
literature (Monegro and Regunath,  2018).  According to the WHO, the 
global frequency of HCAIs affects approximately 15% of all 
hospitalised patients (Sydnor and Perl, 2011). The criteria for diagnosis 
with a HCAI is a complex struggle in hospitals but what remains 
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unchanging about them is that they first appear 48 hours or more after 
hospitalization or within 30 days after having received health care 
(Haque, Sartelli, McKimm and Abu Bakar, 2018). Increased microbial 
resistance combined with the frequent use of antibiotics makes it even 
more complicated to combat HCAIs in all healthcare settings (Freidrich, 
2018).   
Apart from the most common form of transmission through hand 
contamination, surfaces and medical devices within a healthcare 
establishment are burdened with microbial contamination (Pyrek, 
2017). Hospital surfaces are contaminated for days to weeks with 
pathogens like Methicillin-resistant Staphylococcus aureus (MRSA), 
Vancomycin-resistant Enterococcus spp. (VSE), Pseudomonas spp. 
Acinetobacter spp., and Norovirus. The more virulent spores of 
Clostridium difficile (C. difficile) can survive for months on inanimate 
surfaces (Weber, Anderson and Rutala, 2013). HCAIs may be caused 
by infectious agents from endogenous sources such as body sites 
including the skin that are normally inhabited by microorganisms or 
exogenous sources that are external to the patient such as healthcare 
personal, medical equipment and any surface surrounding the 
healthcare environment (North Dakota Department of Health, 2018). 
Table 2.1 describes four types of HCAIs, their frequency, pathogens 




Table 2.1 Frequency, pathogens involved, risk factors and prevention strategies for four common types of HCAIs. 
 






34% Escherichia coli and Proteus 
mirabilis (Jacobsen et al. 2008).  
Prolonged use of the urinary 
catheter (CDC, 2016).  
Hand hygiene and correct techniques when 
handling catheters, only used for specific 
indications, optimal cleaning of devices.  
Surgical site 
infection (SSI) 
17% Common pathogens being 
Staphylococcus 
species including MRSA (29.11%); 
Acinetobacter species (21.5%); 
Pseudomonas species (18.9%), and 
Enterococcus species (17.7%). (Al-
Mulhim et al. 2015).  
After cardiac surgery within 
the lungs, central venous 
catheters, and surgical sites. 
(CDC, 2016).  
Use Prophylactic Antibiotics Appropriately, 
Avoid Shaving Operative Site, Maintain 
Postoperative Glucose Control for Major 
Cardiac Surgery Patients, use sterile 
instruments and protective gloves and keep 





14% Common causative pathogens 
were Gram-negative (39.2%), 
Gram-positive (33.2%), and 
Candida spp. Microorganisms 
(27.6%) (Lin et al. 2017).  
Site of insertion — 
Subclavian vein poses less 
risk than internal jugular or 
femoral vein. Colonization of 
catheter with organisms, 
Increased tissue trauma 
(Merrer et al. 2001).  
Use appropriate hand hygiene. 
Use chlorhexidine for skin preparation. 
Use full-barrier precautions during central 
venous catheter insertion. 




Table 2.1 continued Frequency, pathogens involved, risk factors and prevention strategies for four common types of HCAIs. 
 
Type of HCAI  % of HCAIs   Antimicrobial pathogen involved  Risk factors  Prevention strategies  
Ventilator-
associated 
pneumonia (VAP)  
13% S. aureus (44%) was the most 
frequently detected causative 
microorganism followed by A. 
baumannii (30%), P. aeruginosa 
(12%), Stenotrophomonas 
maltophilia (7%), K. pneumoniae 
(6%), and Serratia marcescens 
(2%) (Chi et al. 2012).  
Non-modifiable patient risk 
factors; male, >60 years, 
coma, head trauma  
Modifiable risk factors; use 
of antacids, histamine H2-
receptor antagonists (H2) 
and antibiotics. (Bonten et 
al. 2004).  
Reducing aspiration of oropharyngeal 
secretions, modulation of colonization (in either 
the oropharynx, the stomach, or the whole 
digestive tract), use of systemic antimicrobial 
prophylaxis, or ventilator circuit changes.  
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2.3.1 Factors Influencing Development of HCAIs  
The role of the environment plays a critical role in the transmission of 
bacteria and pathogens with an array of sources including patients’ 
endogenous flora, cross infection via the hands of healthcare 
professionals, antibiotic driven changes in flora and other 
environmental contamination (Pyrek, 2017). The most frequent form of 
transfer occurs between the hands of healthcare professionals and 
susceptible patients, acting as direct pathways for pathogens to be 
transferred and colonized (WHO, 2009). Surfaces within healthcare 
settings have a great risk of being colonized or infected with HCAIs by 
previous patients who will ultimately put the next patient at risk when 
they encounter the same contaminated surfaces.  
The levels of contamination in health care settings prove to reflect 
positive environmental microbial cultures that need adequate 
disinfection with germicides and without it, surfaces will continue to be 
a thriving environment for pathogens causing HCAIs (Otter and 
Galletly, 2018). Researchers note that microbial resistance to 
disinfectants exists and it is important to therefore discover the specific 
agent and cleaning protocol needed to eradicate the most pathogens 
possible (Otter, French and Yezli, 2011). The chain of infection is 
crucial in understanding why surfaces are contaminated and why 
ineffective cleaning is a threat to a patient and healthcare staff safety. 
Inanimate objects serve as an easy source of pathogen transmission 
through direct contact that will in effect reach any patient or healthcare 
professional encountering it (Kramer, Schwebke and Kampf, 2006). 
2.3.2 Community-Associated Infections  
In contrast to HCAIs which are acquired and diagnosed within a 
hospital setting after 48 hours or more, community-associated 
infections (CAI) differ to some extent. As defined within Infectious 
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Diseases (4th Edition), “Community-associated infections are defined 
as infections manifesting and diagnosed within 48 hours of admission 
in patients without any previous encounter with healthcare” (Cardoso, 
Almeida, Friedman, Arago, Costa-Pereira, Samento, and Azvedo, 
2014). This means that patients not only enter a hospital with an 
infection from the outside, but it is then introduced into the hospital 
environment posing a risk to other patients. The morbidity and mortality 
rates compared to HCAIs is contrasting but one of the most common 
CAIs is pneumonia, a leading cause of mortality and morbidity 
worldwide (De Jonge, Boldingh, Solomkin, Dellinger, Egger, Salanti, 
Allegranzi and Boermeester, 2019). Other types of CAIs include 
norovirus, influenza, botulism, gastroenteritis and human 
immunodeficiency virus (HIV) (Gompf, 2018).  
Both HCAIs and CAIs are transmissible through direct or indirect 
contact, airborne spread, contaminated water and food as well as 
through inanimate objects known as fomites. A study comparing their 
microbial profile showed that HCAIs have a distinctly different 
microbiological profile and rate of resistance than CAIs (Cardoso, 
Almeida, Carratalà, Aragão, Costa-Pereira, Sarmento and Azevedo, 
2015). Treatment may be at risk of failing due to the inadequacy in 
recognising this very difference. A nurse at the heart of the fight against 
antimicrobial resistance explains how the chain of infection needs to 
be broken at some point in order to prevent the persisting exchange of 
CAIs between patients and risk of an eventual infection outbreak in 
healthcare facilities (Shaw, 2017).  Five CAIs, their bacterial pathogens 
involved, affected patients, transmission routes and global strategies 
are discussed in Table 2.2. 
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Table 2.2 Five CAIs, bacterial pathogens involved, affected patients, transmission and global strategies 
Infectious disease Bacterial pathogen Affected Patients Transmission Global incidence 
Pneumonia  Streptococcus pneumoniae, 
Haemophilus influenzae, and 
Moraxella catarrhal (Baer et al. 
2019). 
Elderly patients and 
immunocompromised hosts. Hosts 
with existing comorbidities such as 
cancer or lung disease (Baer et al. 
2019). 
Inhalation or aspiration of the 
organism (Baer et al. 2019). 
Estimated at 4.63 per 1000 
persons/year in adults 
(Rivero-Calle et al. 2016) 
Gastroenteritis 
(stomach flu)  
Norovirus and Rotavirus (Mayo 
Clinic,  2018). 
Young children, elderly, 
immunocompromised and 
hospitalised patients (Mayo Clinic, 
2018). 
Close contact with infected 
people or sharing 
food/utensils contaminated 
with virus (Mayo Clinic, 
2018).  
685 million cases of acute 
gastroenteritis worldwide 
(CDC, 2018).  
Botulism Clostridium botulinum bacteria: 
types A, E, rarely F and 
possibly G. (WHO, 2018). 
Being extremely rare.  Through 
ingestion of botulism toxins in 
canned foods. Infants under 6 
months ingest type C spores that 
release toxins in the gut (WHO, 
2018). 
Food-borne, wound, infant 
and adult intestinal 
colonization human botulism 
(Heymann, 2014). 
To date, 40 000 reported 






Table 2.2 continued Five CAIs, bacterial pathogens involved, affected patients, transmission and global strategies 
Infectious disease Bacterial pathogen Affected Patients Transmission Global incidence 
Flu  Influenza virus type’s A, B, C, D 
(WHO, 2018).  
Children 0-17 years old. 
Immunocompromised patients and 
healthcare workers (WHO, 2018). 
Droplets spread through 
cough, sneeze from infected 
person (WHO, 2018).  
Annually 3-5 million cases of 
severe illness and about 
250,000 to 500,000 deaths. 
(WHO, 2020).  
HIV/AIDS  Human Immunodeficiency virus 
(HIV) 
Unprotected sexual contact with an 
HIV person, injection drug use via 
sharing needles and from mother 
to baby in utero and breast milk 
(AVERT, 2020) 
During unprotected sex, 
sharing injecting equipment; 
from mother-to-baby during 
pregnancy, birth and 
breastfeeding; and through 
contaminated blood 
transfusions (AVERT, 2020).  
 37.9 million people across 
the globe with HIV/AIDS in 
2018. An estimated 1.7 
million individuals worldwide 
became newly infected with 















2.3.3 Modes of Transmission of Infection 
Five principle routes of transmission (Jenkins, 2017) exist as indicated 
in Figure 2.1. Translocation occurs when a patient’s own microbiota 
moves from its natural site to another during medical or surgical 
procedures, causing most HCAI outbreaks (1).  
 
Figure 2.1 A diagram illustrating modes of transmission of HCAIs 
(Jenkins, 2017) 
Pathogens may move directly between patients through routes of 
direct contact, respiratory droplet transferral or airborne routes (2). 
Indirect transmission between patients occur indirectly through a 
healthcare worker or through shared medical equipment and 
pathogenic shedding into the clinical environment (3) . Healthcare 
workers become a source of infection and risk to patients if there is a 
possible route for blood-borne viruses such as HIV and hepatitis, 
respiratory infections such as tuberculosis and skin infections that pose 
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a potential life-threatening issue (4). The environment can be a 
reservoir full of infections in the air, water and on hospital surface areas 
(5) (Jenkins, 2017).  
Lumen learning lectures on the Epidemiology of Disease and states 
that, “regardless of reservoir type, transmission must occur in order for 
infection to spread whereby pathogenic microorganisms employ 
diverse modes of transmission characteristic of the environment itself 
and the population in order to survive while transferring in various ways 
from host to host” (Lumen, 2019). These can be divided into the four 
following ways; 
1) Contact transmission is made up of direct or indirect contact 
transmission (Figure 2.1: 1,2). Forms of direct contact transmission 
involve physical contact between two individuals through touching, 
kissing or droplet sprays whereby the agent is transmitted. Such 
opportunities for direct transmission arising in healthcare between 
patients and healthcare personnel include; an exchange of blood or 
bodily fluids via breaks in mucous membranes and the transferral of 
mites due to ungloved hands of staff and an infested patient (WHO, 
2012).  
2) Furthermore, direct contact can be categorized as vertical, horizontal 
or droplet transmission.  In vertical transmission, pathogens can be 
spread from mother to child during pregnancy, birth or breastfeeding. 
Horizontal transmission by a direct route includes airborne infection, 
food-borne infection, and venereal (sexual) infection (Chen, 2006).  
3) Droplet transmission can technically be considered a form of contact 
transmission as it involves direct travel of the infectious pathogen in 
respiratory droplets to susceptible mucosal surfaces of a recipient 
during coughing, sneezing and talking (Centers for Disease Control 
(CDC), 2016).  
4) In order for transmission to occur in its indirect form, a contaminated 
intermediate object or person must be involved for the infectious agent 
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to spread. Within healthcare setting, medical equipment like 
stethoscopes, thermometers or toys, this mode of infection is the most 
common. And because of the continuous cycle between multiple 
sources of contact with one item, the outbreak point is difficult to 
determine (WHO, 2012). Examples include; inadequate hand hygiene 
by healthcare workers leading to the transmission of pathogens 
between touching multiple patients with potentially infected sites; 
improper cleaning of patient-care devices or medical equipment which 
is shared in the healthcare facility and; shared toys as a vehicle for 
respiratory virus transmission (Dancer , 2014).  
The intermediate object can also be known as a fomite, defined as an 
inanimate object with the ability to act as a pathogenic mediator (Pyrek, 
2017). These fomite-mediated pathways are growing in recognition as 
being responsible for disease transmission in schools, hospitals and 
long-term stay facilities (Kraay, Hayashi and Hernandez-Ceron, 2018).  
By constructing a model accounting for fomite-mediated transmission, 
Kraay et al. (2018) discovered that it introduces both challenges and 
opportunities for infection control due to interactions between the 
properties of pathogens and facilities. 
2.3.4 Chiropractic Treatments Tables as Possible Source of 
Pathogens 
A typical Chiropractic treatment table consists of four main sections; a 
headrest, armrests, and thoracic and pelvic pieces (Evans and 
Ramcharan, 2008). The non-porous vinyl covering is beneficial for 
being easy to clean and able to limit the survival of bacteria over days. 
Little evidence exists on the Chiropractic treatment table as a vector for 
pathogen transmission, but the need is increasing given that HCAIs are 
not limited to hospitals alone and include outpatient care (CDC, 2016). 
The greatest potential for cross-contamination and pathogen 
transmission lies between the surfaces in direct contact with the 
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patient’s skin and improper disinfection of the treatment table (Evans 
and Ramcharan, 2008). Recent research studies done at the DFC 
Chiropractic Training Clinic at the University of Johannesburg have 
discovered microbial build up due to inadequate cleanliness whereby 
the tables begin to harbour microorganisms such as Kocuria rosea, 
Micrococcus lylae, Gardnerella vaginalis and Brucella melitensis which 
are an opportunistic threat to patients (Perdijk et al. 2017).  A further 
study done has shown the effectiveness of alcohol and Distel™ to 
prevent the build-up of bacterial overgrowth in six hours whereas 
without a disinfecting protocol applied, there is no observable decrease 
in bacterial numbers (Kruger et al. 2017).  
2.4 Infection Control and Prevention  
HCAIs are no longer only confined to conventional hospital settings 
which pose the critical need to establish control, prevention and 
monitoring measures of such threats (Hefzy, Wegdan and Abdel 
Wahed, 2016). Healthcare establishments seeing an increasing 
number of outpatients are part of these settings in which measures 
need to be taken. Many infections can be prevented by proper infection 
control practices as “Prevention is the best approach to management 
of HCAIs and can be addressed by considering the interaction of 
pathogens and patients within the context of clinical practice in the 
place where healthcare is delivered” (Jenkins, 2017). The WHO 
recommends evidence-based practices to drive appropriate prevention 
and control in all healthcare facilities (WHO, 2009). These practices 
include monitoring the cleanliness of Chiropractic treatment tables 
which is vital for prevention of infection transferral. Unfortunately, 
cleaning practices amongst Chiropractic interns at the UJ DFC 
Chiropractic training clinic have been found to be frequently inadequate 
which contributes to the potential spread of pathogens and serves as 
an opportunity to provide a program to optimize cleanliness (Bowes et 
al. 2018).   
19 
 
2.4.1 World Health Organisation Guidelines 
Increasing evidence exists for the importance of effective infection 
prevention and control (IPC) measures. The WHO have encountered 
enough critical threats before and after their publication of their nine 
core components in 2009 to make IPC one of their top priorities on the 
global health agenda. The guidelines include key strategies to prevent 
current and future threats, strengthen health service resilience and 
help combat antimicrobial resistance (WHO, 2018). The WHO 
recognises that most outbreaks are preventable when awareness is 
raised and strategies to reduce pathogen spread are implemented 
(WHO, 2018).  When IPC programmes are followed accordingly, the 
result is a decreased morbidity rate within health care facilities, 
improving their overall effectivity and ultimately ensuring the wellbeing 
of patients and healthcare workers (Storr Twyman, Zingg, Damani, 
Kilpatrick and Reilly, 2017).  
2.4.2 Environmental Cleanliness  
Within a healthcare or clinical setting, the environment in which patients 
and healthcare workers reside in become the sites which require 
intensive cleaning protocols. The definition of a patient’s environment 
in a healthcare setting includes high-touch objects within operating and 
patient rooms such as treatment areas and medical devices indicated 




Figure 2.2 Illustrating examples of high touch objects in operating rooms 
and patient rooms (Hygiena©, 2019) 
Such surfaces are potential reservoirs for the potential growth and 
spread of pathogens and ultimately the leading cause of HCAIs 
(Donskey, 2019). The WHO Decontamination Guidelines (2016) 
outlines and emphasises the need for optimal cleaning, disinfection 
and sterilisation of medical devices used for patient care. Using 
Spaulding’s classification, medical devices are divided based upon the 
risk of patient infection due to contact with each type of device. The 
three types are summarised as follows: 
1) critical high-risk devices that are reprocessed after entering a sterile 
cavity thereby requiring sterilisation;  
2) medium high-risk devices that encounter non-intact skin and require 
high level sterilisation, and;  
3) non-critical low risk devices that encounter intact skin or environmental 
surfaces posing low risk and requiring low level disinfection (Spaulding, 
1971). 
Preventing the spread of infection by monitoring surfaces or devices is 
part of the precautions in  IPC. Transmission-based precautions serve 
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to interrupt the spread of pathogens based on their route of 
transmission which include through contact, being airborne and in 
droplet form (Neiad, Allegranzi, Syed, Ellis and Pittet, 2011). Each 
route of transmission requires the correct knowledge and responsibility 
to identify when to use each precaution. Contact precautions apply to 
equipment such as gloves and include the organism’s MRSA, 
Acinetobacter and Candida spp that cause skin conditions and 
gastrointestinal infections. Droplet precautions apply to the 
transmission of microorganisms generated from an infected person 
that travel a short distance to another individual in instances such as 
coughing due to influenza and other respiratory viruses. Airborne 
precautions include microbes that are released and carried via air 
currents from patients infected with tuberculosis, measles and 
chickenpox (Siegel, Rhinehart, Jackson, Chiarello and the Healthcare 
Infection Control Practices Advisory Committee, 2007). Healthcare 
workers are required to be highly aware of the specific transmission-
based precautions and its provisions that serve to protect and prevent 
the spread of HCAIs along all its potential routes (National Department 
of Health, 2018).    
2.4.3 Public Health Surveillance   
The CDC defines public health surveillance as “the ongoing, 
systematic collection, analysis, and interpretation of health-care data 
essential to planning, implementation and evaluation of public health 
practice practices and the timely dissemination of the data for public 
health action (prevention and control)” (CDC, 2012). The uses of 
surveillance include identifying patients for treatment, detecting 
epidemics, estimating the scope of health problems, measuring trends 
in diseases and assessing the effectiveness of programs and control 
measures. Each objective set in public health surveillance has been a 
powerful tool shown to be successful (Choi, 2012). The role for 
surveillance of HCAIs is a means of gathering information in a 
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systematic way in order to describe its occurrence and distribution. The 
WHO reported that 66% of countries do not report HCAI data (2011) 
but the surveillance data in various studies show results proving 
reduced harm of patients after systems of ICP have been  (Rosenthal, 
Murray and Pfaller, 2015).  
John Hopkins University gives six types of surveillance that can be 
classified into six categories with their description, benefits and 
examples described in Table 2.3 (Curless, Gerland, Thompson and 
Trexler 2018). Utilising these types of surveillance serve to provide 
data on outcomes and processes that respond to the needs of each 
healthcare setting accordingly. Surveillance can reveal if and where 
HCAIs are occurring as well as the quantity and severity of the problem 
(Curless et al. 2018). The entire healthcare body is required to put in 
the time and efforts for collecting, managing and analysing data in 
order to run a successful practice of surveillance of HCAIs.  
2.4.4 Cleaning and Disinfection Methods  
It is important to note the difference between cleaning and disinfection. 
Otter et al. (2011) defines cleaning as the removal of soil on 
contaminated surfaces whereas disinfection relates to the inactivation 
of pathogens by use of a chemical disinfectant. Environmental surfaces 
require unique procedures of disinfection dependant on the following 
factors; the nature of the item to be disinfected; the number of 
microorganisms present; the innate resistance of the microorganisms 
to a germicide; the amount of organic soil present; and the type and 
concentration of germicide used (CDC, 2008). 
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Table 2.3 Describing the six types of surveillance and benefits of each category – modified from John Hopkins University 
(Curless et al. 2018)  
Type of 
surveillance 
Description  Benefits Examples  
Outcome Monitoring of specific HCAIs  • Helps determine baseline rates of HAIs 
• Identifies occurrence of infections above expected rates 
• Detects and reports disease to authorities 
Surgical site infections, Catheter 
Associated Urinary Tracts Infections 
Process Monitoring patient care and IPC 
practices 
• Provides information to guide improvements 
• Assess how effectiveness of IPC measures 
Hand hygiene compliance and  aseptic 
techniques 
Continuous Data collection that occurs over a 
continuous period on a routine 
basis 
• Ongoing throughout the time frame  
• Data can develop trends that give valuable information 
365 days a year  
Periodic Data collection completed at 
intervals whether it be per week, 
month or yea 
• Predetermined intervals to manage resources  1 month each or 1 quarter per year  
Active Process of identifying HCAIs 
using multiple data sources and 
utilised  by trained personal only 
• More accurate than passive 
 
Proactive search for HAIs using multiple 
data sources and standardized case 
definitions  
Passive Done by healthcare providers 
including doctors or nurses who 
help identify HCAIs without the 
formal training used in the active 
type 
• Can be performed in a healthcare facility with limited 
resources without training  
Neonatal staff report the number of 




Contaminated hospital surfaces and medical equipment can be 
involved in the transmission of pathogens. Areas near patients 
including doorknobs, light switches and tray tables could be readily 
cultured and found to consist of resilient HCAIs such as MRSA and 
VSE (Carling and Bartley, 2010). Knowing that pathogens tend to 
persist on environmental surfaces up to months as discovered by 
Kramer et al. (2006), optimal routine cleaning and disinfection is an 
important factor in IPC methods. Most literature covers the study of 
environmental cleaning methods in developed countries with vast 
resources (Doll, Steven and Gonzalo, 2018), making it difficult to 
understand and tackle surface cleaning in developing countries. The 
basic guidelines set out by the WHO’s Essential Environmental Health 
Standard for these developing countries are limited due to not having 
clean water, waste management and visible dust and soil removal 
(Adams, Bartram and Chartier, 2008). Despite the different cleaning 
standards between developing and developed health care systems, 
cleaning and disinfection remains highly important in controlling and 
preventing HCAIs.  
The extent and effectiveness of manual cleaning is highly dependent 
on the staff within each healthcare facility and their responsibility in 
following set protocols. Three types of cleaning may be performed to 
ensure optimal standards of cleaning in all areas; 
1) Routine cleaning is performed daily, utilising a neutral detergent and 
water.  
2) Enhanced cleaning occurs twice daily and is required during an 
outbreak of infection whereby frequently touched surfaces are 
sterilised with disinfectant.  
3) Terminal cleaning involves thorough disinfection of all surfaces within 
an entire healthcare facility or ward including floors and re-usable 
equipment (Public Health Agency, 2010).  
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The following three circumstances require such terminal cleaning; 
infection outbreak, discharge or death of a patient with a known 
infection and isolation of a patient (Public Health Agency, 2010).  
The topic of disinfectant usage for surface areas within healthcare 
facilities remains controversial when observing its disadvantages 
versus its advantages (Weber and Rutala, 2013). The usage of soap 
and water to remove visible soil on surfaces has always been the norm 
for cleaning practices but increasing evidence proves the inadequacy 
of such methods alone (Dancer, 2014). The Environmental Protection 
Agency (EPA) has formulated a list of registered antimicrobial products 
that are effective against an array of common pathogens (EPA, 2018). 
Such products have been tested, reviewed and approved in order to 
be effective against specific pathogens including MRSA, VRE, 
Norovirus, HIV etc. Different chemicals studied in the CDC guidelines 
(2008) will interfere with microbial activity in a unique way, thus being 
effective.  
Alcohol is widely used in varying concentrations due to its ability to 
cause the denaturation of proteins and is observed to be successful in 
destroying the dehydrogenases in Escherichia coli (E. coli) (Morton, 
1963). Formaldehyde is used in its water-based form called formalin at 
37% concentration. Due to its high toxicity to humans, formaldehyde 
has only been utilised  in healthcare settings for preparing viral 
vaccines (e.g. poliovirus), as an embalming agent and to preserve 
anatomic structures. Hypochlorite’s are the most widely used chlorine 
disinfectants whether in its liquid (sodium hypochlorite), solid (calcium 
hypochlorite) or aqueous state also known as household bleach. Their 
low toxicity levels and broad spectrum of microbial activity make them 
effective for use in healthcare cleaning and disinfection (Rutala and 
Weber, 1997). The most common use is as an EPA-registered 
tuberculosis disinfectant which can decontaminate blood spills in large 
amounts or small droplets on all surfaces (Chitnis V, Chitnis S, Patil 
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and Chitnis D, 2004). The decision regarding cleaning agents must be 
individualised depending on the scenario in order to achieve the 
benefits of disinfectant use. 
Distel™ is the first-choice disinfectant used within the Chiropractic day 
clinic after a previous study done by Kruger et al. (2016) illustrated its 
effective use for bacterial disinfection of Chiropractic vinyl beds. The 
production company Tristel™ has tested its efficacy against bacteria, 
fungi, viruses and mycobacteria as well as having the ability to destroy 
Deoxyribonucleic Acid (DNA) and Ribonucleic Acid (RNA). It is safe to 
use on multiple surfaces within clinical practice such as plastics around 
monitors, stainless steel on X-ray equipment and bed surfaces that 
may be vinyl material. The composition of active ingredients for 
Distel™ (1:10) include; polymeric biguanide hydrochloride <2.1g/kg, 
didecyl dimethyl ammonium chloride <2.3g/kg and alkyldimethyl 
benzyl ammonium chloride <1.3g/kg (Tristel™, 2019). Depending on 
its ranging dilution rate, at 1:200, Distel™ is effective in reducing 
bacterial strains; MRSA, Klebsiella pneumoniae, Pseudomonas 
aeruginosa and E. coli (Tristel™, 2019).  
2.4.5 Hand hygiene 
Evidence has made apparent that the transmission of pathogens via 
the hands of healthcare workers remains an area of concern 
(Allegranzi and Pittet, 2009). From the ancient hand washing method 
of only soap and water, to antiseptic agents being used from the 19th 
century, it is clear that the evolution of hand hygiene has been driven 
by the force of pathogens and the importance in preventing the spread 
of HCAIs. This incidence is critical enough that the WHO developed a 
strategy called “My 5 Moments for Hand Hygiene” which defines the 
key moments when health-care workers should perform hand hygiene 
(WHO, 2009). These moments include; before touching a patient, 
before clean/aseptic procedures, after body fluid exposure/risk, after 
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touching a patient and after touching patient surroundings (WHO, 
2009). By following the appropriate guidelines of hand disinfection, the 
potential harm to patients and the occurrence of HCAIs may be 
reduced. Additional to these sanitizing steps for bare hands, the use of 
gloves is critical for protection during all procedures involving blood or 
visible lesions (Larson, Quiros and Lin, 2007). Compliance to hand 
hygiene practices in health care facilities still needs major 
improvements and it is a challenge that needs to be tackled by 
commitment of all staff and patients (Boyce and Pittet, 2002).  
Previous studies within the Chiropractic day clinic have explored both 
the attitudes and behaviours of student interns during the day as well 
as the persistence of microorganisms on their hands. Despite 
completing a hand hygiene questionnaire with positive results, 
bacterial pathogens such as Leuconostoc mesenteroids spp cremoris, 
Staphylococcus warneri and Staphylococcus epidermis were 
frequently identified on the hands of Chiropractic interns throughout 
their typical day (Eves, Yelverton,  Barnard and Singh, 2016). A similar 
study monitoring the changes in bacterial population pre and post hand 
hygiene intervention showed conflicting results between the 
microbiological data and the effect of education intervention to 
Chiropractic interns. Results showed that although compliance to hand 
hygiene practices increased awareness and behaviour, live cells in the 
microbiological data increased after education interventions (Blundell, 
Yelverton,  Barnard and Singh 2017).  Thus, the hand hygiene 
practices, and performances of Chiropractic interns require continuous 
and vigorous monitoring using microbiological data to prevent the 
spread of infections.   
2.5 Environmental Monitoring  
Steps to improve environmental cleanliness remains incomplete 
without effective monitoring of the performance for current protocols 
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(Pyrek, 2017). From 1970 to 1975, monitoring of the U.S hospital 
environment reduced and reformed from regular culturing of the air and 
environmental surfaces due to no association found between levels of 
general microbial contamination and rates of HCAIs (Haley and 
Shchatman, 1976). The guidelines for environmental sampling of today 
follow less routine sampling that differs from previous practices but 
more targeted sampling for defined purposes comprised of the 
following;  
a) “written, defined, multidisciplinary protocol for sample collection 
and culturing 
b) analysis and interpretation of results using scientifically determined 
or anticipatory baseline values for comparison  
c) expected actions based on the results obtained (CDC, 2003)”.  
Methods used for microbial sampling of the healthcare environment is 
time-consuming, expensive and complicated which limits its indication 
for use in only four situations (Groschel, 1980):  
1) to support evidence of an outbreak  
2) research providing new information on the spread of HCAIs 
3) in monitoring a hazardous area 
4) quality assurance  
A range of settings within a healthcare facility requires every area and 
surface to be sampled and is made possible with the three types of 
microbiological sampling being air, water and environmental surface 
sampling. For the purposes of this research and its association with the 
transmission of HCAIs on inanimate surfaces, environmental surface 
sampling will be explored further below (Rawlinson, Ciric and 
Cloutman-Greene,  2019). 
2.5.1 Environmental Surface Sampling  
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Surface sampling methods for detecting microorganisms is effective in 
evaluating environmental cleanliness and furthermore, the prevention 
of HCAIs spread in healthcare facilities. Traditionally, microbial 
culturing has been the primary method used in hospitals whereby 
contact plates will develop microbial colonies to be analysed and 
studied. In every case, moisture surrounding the area for sampling is 
required in order to be effective. Agar surface contact plates are 
suitable for flat surfaces by direct assay, providing quantitative results 
of microbial overgrowth (Chai, Donnelly, Wong and Bryce, 2018). 
Numerous methods exist but there are four main methods that include 
the swab, the rinse, agar contact and direct surface agar plating 
(Rawlinson et al. 2019).  Three of the most commonly used methods 
are compared in Table 2.4 which describes the advantages and 
disadvantages of each.  
During this study, RODAC (Replicate Organism Detection and 
Counting) plates were utilised, allowing recovery and growth of 
microorganisms, which are present in the environment, on suitable 
culture medium (Liofilmchem®, 2012). The more specific RODAC 
Type TSA (Tryptone Soya Agar) + Tween 80 + Lecithin was used for 




Table 2.4 Summary of the advantages versus the disadvantages for surface testing  
Monitoring method Advantages Disadvantages 
Visual Assessment • Adequate for aesthetic purposes (Omidbaksh et al. 
2014).  
• Should only be used as the first stage in an integrated 
monitoring program (Ferreira et al. 2011). 
• Easy to perform (Huang et al. 2015).  
• Can be performed on a regular basis (Carling and 
Bartley, 2010).  
 
• Residual pathogens were present on surfaces after routine 
cleaning (Carling and Huang, 2013). 
• No quantitative feedback on the effectiveness of disinfection 
processes (Griffith et al. 2008). 
• Pathogenic organisms are invisible to the naked eye and their 
existence is not always associated with any visible signs (Griffith 
et al. 2008).  
• The least sensitive method for assessing cleanliness (Ferreira et 
al. 2011) 
Microbial Culturing • Tests for different types of bacteria on the surface of 
products (CCD©, 2019).  
• Categorical sampling groups including; solid, liquid, 
surface and air samples (Nemati et al. 2016). 
• Provides quantitative results (Dancer et al. 2009). 
• Microbiological assessment in specific instances 
(Ferreira et al.  2011). 
 
• Cannot provide immediate feedback (Kramer et al. 2006). 
• Time-consuming and labour-intensive (Carling and Huang. 2013). 
• Costly due to range of technologies and methods available 
(Nemati et al. 2016). 
• Culturing plates and dip slides must be used on smooth, flat, non-
porous surfaces (Claro et al. 2015). 
• Limited surface area for sample collection (Chai et al. 2018).  
ATP Testing • A quantitative method for assessing surface hygiene 
that is superior to simple visual inspection (Grifith et al. 
2000).  
• Simple to use, lightweight and portable, providing an 
immediate result (Hygiena©, 2020).  
• Relatively inexpensive compared to its counterparts 
(Roady et al. 2015).  
• Sensitive and rapid tool to evaluate quality of cleaning 
(Huang et al. 2015). 
• Unreliable in confirming proper removal of disease-causing 
agents in healthcare settings (Omidbaksh et al. 2014). 
• No correlation detected between ATP levels and microbial 
culturing CFUs (Kajigaya et al. 2015).  
• Most of the disinfectant chemicals reduced or enhanced the ATP 
values variably in different settings (Kajigaya et al. 2015).  
• Results should not be interpreted as surrogate indicators for the 
presence of microbial pathogens (Shama and Malik, 2013). 
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Table 2.4 continued Summary of the advantages versus the disadvantages for surface testing  
Monitoring method • Advantages • Disadvantages 
ATP Testing 
continued 
• Measures a broad category for surface and bacterial 
contamination (Sciortino et al. 2012).  
• Used in hospital settings for monitoring cleaning 
standards (Cooper et al. 2009) 
• Measuring organic debris does not isolate microbial levels and 




Hospitals are required to use a minimum of 15 RODAC plates per room in 
order to provide comprehensive sampling data, making the process rigorous 
and complex (CDC, 2003). After varying incubation periods, the following 
microbial colonies can be observed; aerobic mesophilic bacteria after 72 
hours; yeasts and moulds after 7 days; and environmental bacteria for 72 
hours away from light then a further 3 days at room temperature 
(Liofilmchem®, 2012). The colonies are evaluated according to shape, 
texture, number, colour, size, form and borders in order to match the relevant 
species of bacteria and the number of overall CFU’s (colony-forming units; 
Leung and Liu, 2005). Although limited accuracy exists for the detection of 
HCAIs in healthcare settings, the use of agar contact plates has been 
adopted as a method for quantifying viable microbial contamination (Pyrek, 
2017). Kingham et al. (2019) utilised RODAC to monitor surface hygiene of 
Chiropractic treatment tables and found it successful in the ability to culture 
bacteria and fungi to show high microbial levels due to inadequate cleaning.  
Alternatively, and in recent developments, the detection of organic 
Adenosine triphosphate (ATP) on surfaces has gained popularity for use 
within a wide range of industries including food manufactures to ensure food 
safety and in hospitals as a method for monitoring surface cleanliness 
(Carling and Bartley, 2010). Compared to traditional surface sampling, ATP 
detection is faster, more cost-effective and less labour-intensive. Assessing 
cleanliness using traditional microbial cultures alone has proved to be 
inefficient when detecting potentially harmful microorganisms within hospital 
settings (Dolan, Bartlett, McEntee, Creamer and Humphreys, 2011). This 
usage has pushed hospitals to embrace ATP-based monitoring systems as 
a method of ensuring the effectiveness of the facilities sanitation efforts 
(Sciortino and Gyles, 2012). Advancements in ATP bioluminescence has 
given medical industries the opportunity to develop unique systems such as 
the 3M™ Clean-Trace™ Surface ATP Test and the Hygiena© UltraSnap™ 
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Surface ATP Test, all with the goal of providing an effective method to 
improve safety and sanitation for global health.  
2.6 ATP Testing and Monitoring  
2.6.1 Adenosine Triphosphate  
ATP is a key universal molecule that provides energy to all living cells. As a 
high-energy storing molecule that is present in the cytoplasm of every cell, 
Naves (2019) describes that biologists consider it to be the energy currency 
of life. This is primarily to do with the hydrolysis reactions occurring in order 
to facilitate the transfer of energy to other cellular functions and many 
potential donors and acceptors (Facciotti, M, 2019). Different reactions must 
take place according to the cellular activity of a specific cell. In 1941, 
Lipmann and Halckar discovered the central role of ATP in energy 
metabolism that occurs in cellular respiration through an enzymatic reaction 
where ATP is constantly synthesized from adenosine diphosphate (ADP) 
and phosphate (Dunn and Grider. 2020). According to Encyclopaedia 
Britannica Inc. (2020), ATP powers the cellular process of phosphorylation 
with the transferal of a phosphate group to another molecule which is 
important for protein function, sugar metabolism and energy storage. ATP 
also helps with the release of glucose during a glycolysis reaction (Kumari, 
2017). As the source of energy supply for all organisms, within the human 
body, ATP provides energetics for muscle movements, nerve signals and 
chemical reactions (Cole, 2016). The role of ATP is clearly a central and 
highly vital function for animals, food, plants and bacteria.   
ATP is formed in several processes whereby bacteria can gain energy 
through aerobic respiration, anaerobic respiration, fermentation and 
photosynthesis. Ward (2015) reported how these processes have compelled 
the study of energy metabolism for selected bacterial pathogens in infection 
and the environment. Where bacterial pathogenicity is a concern in HCAIs, 
energy metabolism assists in understanding the growth conditions, virulence 
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level and ultimately overall pathways that all include ATP (Kohler, 
Foulongne, Ouahrani-Bettache, Bourg, Teyssier and Ramuz, 2002). This 
includes the most concerning bacterial strains such as Staphylococcus 
aureus (S. aureus), Pseudomonas aeruginosa, Helicobacter pylori, and 
Campylobacter jejuni.  
2.6.2 ATP Testing and Monitoring with Bioluminescence   
Knowing that the presence of ATP exists at all cell levels, using it as a marker 
to test surfaces and objects is how the hallmark for ATP testing began. At a 
microscopic level, ATP levels can represent the presence of living organisms 
including bacterial and fungal loads (Gentry, 2017). ATP can also represent 
other organic matter (debris) including blood, protein tissues and skin cells 
as noted by Sanna, Dallolio, Raggi, Mazzetti, Lorusso, Zanni and Leoni 
(2018). In all forms, surface contamination that is not visible to the naked eye 
will have a level of ATP that is detectable. This provides an opportunity for 
ATP testing of surfaces and objects for their cleanliness level and microbial 
load (Osimani, Garofalo, Clementi, Tavoletti, and Aquilanti 2014).  
In 1947, McElroy and Strehler determined the exact test method by which 
ATP could be detected by bioluminescence using the enzyme luciferase 
found in fireflies of genus Photinus (McElry and Strehler, 1954). 
Bioluminescence is a chemical reaction in which living organisms convert 
chemical energy into light (Branchini, 2018). Figure 2.3 demonstrates the 
firefly bioluminescence reaction which occurs in the presence of oxygen (O2) 
and magnesium ions (Mg2) whereby luciferin is converted to oxyluciferase 
and ATP is converted to AMP (Adenosine monophosphate) with the release 





Figure 2.3 Demonstrating the bioluminescence reaction in a firefly – modified 
from (Branchini, 2018)  
McElroy showed that the light emitted during the reaction was directly 
proportional to the amount of ATP added (McElroy, 1947). Therefore, 
utilising natural or synthetic luciferase in ATP-based systems makes a 
testing method worth employing for measuring ATP levels in various 
conditions. All ATP devices use luminometers in which the light reaction 
emits photons generated by the given ATP level and is measured in Relative 
Light Units (RLU). Therefore, ATP levels are directly proportional to RLU 
readings (Hygiena©, 2018).  As discussed, ATP levels can represent surface 
cleanliness which can be useful for all situations requiring high standards of 
hygiene.  
2.6.3 ATP Bioluminescence in Use  
Manufacturing food industries have been using ATP as an indicator of 
cleaning and hygiene for over 30 years (Nante, Ceriale, Messina, Lenzi and 
Manzi, 2017). In evaluating its efficiency to detect microbial loads on food 
contact surfaces, Osimani et al. (2014) supports the technology’s usefulness 
for real time monitoring of surface cleanliness. In a study applying ATP 
testing for milking equipment surfaces, Vilar, Rodriguez-Otero, Digeuez and 
Sanjuan (2008) reported the value it has, in being a fast and simple method 
to monitor cleanliness. Thus, ATP testing can be a useful tool in hygiene 
control for food industries with the ability to detect and measure organic 
debris that to improve cleanliness standards.  
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ATP testing continues to grow in popularity throughout many industries with 
relevant studies having proven either its strengths or limitations. Turner, 
Daugherity,  Altier and Maurer, (2010) collected data in animal laboratory 
facilities using ATP testing and demonstrated more benefits than limitations 
by the results. Data collected proved that ATP based systems sensitively 
detected pure cells and organic contaminants with a strong degree of 
predictability. Sample bearing swabs also proved to be stable for over seven 
hours. The limitation discovered was that data collected could be affected by 
residual disinfectant. The inhibition of bioluminescent activity by chemicals is 
known as quenching. With the growing concern over HCAIs, healthcare 
systems have been testing the role for ATP testing to potentially detect 
pathogenic microorganisms.  
Sanna et al. (2018) compared traditional microbial testing with ATP testing 
for evaluating surface cleanliness in three operating theatres. Results proved 
that ATP bioluminescence cannot substitute cultural methods in the 
assessment of environmental microbial contamination, but the immediate 
results gathered with ATP testing will allow for monitoring in a more frequent 
and greater capacity. Reviewing literature between 2000-2014 about ATP 
bioluminescence to assess hospital cleanliness, Nante et al. (2017) 
concluded it could be considered practical and useful for assessing hospital 
hygiene as it performed way above visual inspection. Many studies all 
support that ATP testing lacks the ability to detect specific microorganisms 
(Boyce, Havill, Dumigan, Golebiewski, Balogun and Rizvan, 2009i) and be 
reliable on naturally contaminated surfaces (Moore, Smyth, Singleton and 
Wilson, 2010). However, its effectiveness has always been steadily 
correlated regarding the role of ATP testing to evaluate cleanliness after 
disinfection. Moore et al. (2010) reported that S. aureus was successfully 
cleared after the cleaning procedure when using culturing methods and ATP 
bioluminescence were used as confirmation. The most recent study by Öz 
and Arun (2019) proved the reliability of ATP testing for removal of all types 
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of microorganisms and was therefore recommended to be used for “general 
verification purposes of clean surfaces”.   
2.6.4 UltraSnap™ Surface ATP Test  
Traditional microbial testing being labour-intensive and costly to implement 
in routine monitoring, created the opportunity to introduce the UltraSnap™ 
Surface ATP Test.  This study utilised  the entire Hygiena© ATP Monitoring 
system which includes the EnSURE™ luminometer device (Hygiena©, 
Catalogue No: ENSURE, 2019) and UltraSnap™ Surface ATP test swab kit 
(Hygiena©, Catalogue No: US2020, 2019) as shown in Appendix D. Since 
2001, Hygiena© has provided high-quality solutions to a wide range of 
industries for rapid microbial detection and monitoring. Their UltraSnap™ 
Surface ATP Test is a self-contained device for use with Hygiena© 
luminometers that serve as a user-friendly, all-in-one test. Each test holds a 
precise amount of liquid media or reagent, providing results all with one 
handed activation (Hygiena©, 2019). Steps on how to use the system will be 
explained in Chapter 3. The Snap-Valve’s unique design facilitates 
convenient, reliable testing in numerous formats including ATP, 
microorganism testing, enzyme detection, and sample collection. A result is 
generated within seconds due to the speed of the bioluminescence reaction 
and the amount measured (RLU) as an indication of surface cleanliness 
(Hygiena©, 2019). 
Southport and Ormskirk Hospital Trust had been using ATP monitoring in 
their hospital departments for five years after which they transitioned over to 
using Hygiena©’s monitoring systems. Compared to previous systems, 
Hygiena© proved to be less expensive than its counterparts. It was used on 
medical equipment, in domestic services and eventually in theatres. The 
team leader of domestic services, Andrew Chambers explained how 
“members were proactive and keen to embrace technology that gives 
objective measurement of cleaning performance, safeguarding patients’ 
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welfare and ensured value for money of cleaning implementation” (Hospital 
Matters, 2016). 
2.7 Conclusion 
The literature provided has shown the necessity for suitable monitoring 
systems for environmental surface hygiene. The next chapters will  describe 



















3.1 Introduction  
This chapter describes the research process of this study. It provides 
information concerning the two phases that were followed. Each phase 
includes variables describing the day of the week, the time of the day, the 
bed and areas to be sample and the method used to collect samples. The 
chapter also describes the subjective measurements, the statistical 
analysis and data evaluation used in the study.  
3.2 Study Design  
This was a two-phase quantitative study utilising UltraSnap™ Surface ATP 
Test to monitor intracellular ATP loads on Chiropractic treatment tables. 
The outline of the phases and procedures for data collection is 
summarised in Figure 3.1.  
3.3 Sample population sites  
All treatment tables in use by Chiropractic Interns in the DFC Chiropractic 
Training Clinic at the University of Johannesburg (N=22) were included in 
the study. Tested treatment tables (n=19) were not cleaned by the 
researcher before sampling whereas control beds (n=3) were cleaned by 
the researcher using Distel™ as similarly done by Kingham et al. (2019) 
before the sampling protocol. All treatment tables in each room were 
labelled with their respective number. The three control beds were 
selected at random and included beds 7, 12 and 18. All treatment tables 
were divided into four main sections named H indicating the headpiece, T 
indicating the thoracic section, R indicating the right-hand armrest and L 
indicating the left-hand armrest (Figure 3.2). For consistency, the right side 
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of all headpieces and thoracic sections were sampled. A total of N=200 















            Figure 3.2 Chiropractic treatment tables with their labelled sampling 
areas (HiTech Therapy, 2019) 
3.3.1 Sample site inclusion criteria  
All Chiropractic treatment beds in current use were included in the 
study and tested. The beds needed to be in full working condition 
whereby the usual examination and treatment session could be 
carried out between the chiropractic student intern and patient. The 
rooms in which the chiropractic treatment tables were, all needed to 
be open in order to access and conduct the sampling. The beds 
needed to have all sections covered in vinyl material over the head 
pieces, thoracic pieces and arm rest allowing for accurate collection 
of data per surface area.  
3.3.2 Sample site exclusion criteria  
Exclusion of the paediatric room plinths was decided upon due to 
their infrequent use and occupancy at the time the research was 
conducted. The plinths in each room was also excluded due to their 
covering with cloth as well as any other equipment or furniture in the 
50 
 
room such as desks, chairs, windows and doors. Rooms that were 
not open at the time of sampling were excluded due to inability to 
access them and sample the beds at the dedicated time.  
3.4 Sampling phases   
As outlined in Figure 3.1, this research was carried out over a period 
of three weeks and split into two phases. 
3.4.1 Phase 1  
During phase one, a comparison of testing methods was done 
between RODAC surface sampling and UltraSnap™ Surface ATP 
tests on all Chiropractic treatment tables (N=22). The first objective 
was to compare the two sampling methods whereby two areas were 
sampled on each bed, with control beds 7, 12 and 18 being sampled 
twice for before and after disinfection. ATP swabs and RODAC plate 
samples were taken on the right sides of each bed on the headpiece 
and thoracic piece (Figure 3.2) for each testing method. A total of 
n=94 ATP swabs and a total of n=94 RODAC contact plates were 
used. The second objective in phase one was to determine the best 
sampling time to use UltraSnap™ Surface ATP Test whereby an 
additional sample on all beds was taken in the afternoon. As 
described by Kruger et al. (2017) and Kingham et al. (2019), samples 
were collected from the headrest and main section of the treatment 
tables twice a week (Monday and Thursday). Samples were taken 
from the treatment tables on Monday and Thursday afternoon after 
the last patients were treated. Data collected was used to decide on 
the best representative sampling point on each bed, day and time of 
week to be used in phase two.  
Data collected in phase one was insufficient to observe any 
correlation. It was then decided to include an additional two sample 
areas on each bed being the right and left armrests in order to collect 
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a larger data set and to include the subject of CAI’s possibly 
transmitted on the armrests.   
3.4.2 Phase 2  
During phase two, the use of UltraSnap™ Surface ATP Test was 
implemented at the sampling rate and time determined by results 
from phase one. Sampling continued for two weeks on Thursday 
afternoon using UltraSnap™ Surface ATP tests only to determine if 
any trends could be observed. The sampling rate increased based 
on results in phase two, from sampling two areas to four areas as 
shown in Figure 3.2.  A total of N=148 test swabs were utilised . 
Control beds were still sampled twice, before and after disinfection in 
order to continue observing any significance. 
3.5 Sampling equipment and processing methods   
Samples were collected using Hygiena© UltraSnap™ ATP 
Monitoring Systems (Hygiena©, USA) for ATP levels. RODAC 
(Replicate Organism Detection and Counting) contact plates with 
Tryptone Soya Agar (growth nutrients), Polysorbate 80 (inactivates 
phenols, hexachlorophene and formalin) and Lecithin (neutralises 
quaternary ammonium compounds) was used to collect bacteria 
samples. The two methods mentioned made up the monitoring 
system used during this study.   
3.5.1 Hygiena© ATP Monitoring System 
Hygiena© luminometers (a) with UltraSnap™ Surface ATP Test Kits 
(b) made up the ATP monitoring system used during this study 
(Figure 3.3). The all-in-one test contains a pre-moistened swab bud 
for optimal sample recovery using Hygiena©’s patented Snap-Valve 
technology (Figure 3.3). The benefits of the UltraSnap™ Surface 
ATP Test include; pre-wetted swabs to maximize sample recovery 
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and breakage through biofilm; unique liquid-stable reagent giving 
superior sensitivity and reliable results; 100% recyclable plastic; 15-
month shelf life at refrigerated temperature (2-8°C) and; four-week 
shelf life at room temperature (21-25°C) (Hygiena©, 2019).  
 
           Figure 3.3 Photo of the Hygiena© luminometer (a) compatible 
with the UltraSnap™ Surface ATP swabs (b) 
(Hygiena©, Catalogue No: US2020, 2019) 
ATP Samples were taken following the manufacturer’s instructions 
as described and illustrated in Figure 3.4; 1) twist and pull top off 
swab allowing it to equilibrate to room temperature (21-25°C); 2) 
thoroughly swab a standard sized area of 10cm x 10cm using the 
correct swabbing technique of rotating the swab in a crisscross 
pattern in all directions; 3) replace the swab back in swab tube; 4) 
activate test device by holding swab tube firmly, breaking Snap-
Valve by bending the bulb forward and backward and then squeezing 
it twice to expel liquid down the swab shaft; 5) shake tube for 5-10 
seconds to bathe swab bud; 6) holding luminometer upright, insert 
entire UltraSnap™ device into slot; 7) close lid and press “OK” to 
initiate measurement which will be displayed in 15 seconds 
(Appendix D, Hygiena©, 2019) . After each reading was given in 
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RLU’s, the researcher immediately recorded the result into a logbook 
and disposed of the used swab-tube appropriately. For control beds 
7, 12 and 18, sampling was completed on areas before disinfection 
using Distel™ then left for 15 minutes to settle for sampling to be 
repeated.  
 
            Figure 3.4 Step-by-step diagram representation for instructions 
to use Hygiena© ATP Monitoring Systems  
According to Hygiena©’s guidelines (2013), setting up RLU limits are 
done in the following steps; 1) clean the surface to the level of usual 
cleaning procedures; 2) conduct ATP testing at each location using 
5-10 replicate tests at the cleaned location and being sure not to 
swab the exact surface area more than once; 3) to determine the Pas 
limit, calculate the average RLU for each location by adding all test 
results then dividing the sum by the number of tests taken. The 
resulting number being the average RLU is the pass limit; 4) to 
determine the Fail limit, the Pass limit is multiplied by 3 and; 5) to 
determine the Caution limit is the area between the Pass and Fail 
limits.  RLU limits were conducted before the sampling process 
began where the resulting limits will be shown in Chapter 4.  
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3.5.2 RODAC Contact plating  
RODAC stands for “Replicate Organism Detection and Counting” 
and can be used for microbiological control of all surface for 
monitoring environmental hygiene (air and surfaces), allowing 
recovering and growth of microorganisms, which are present in the 
environment (Liofilchem©, 2012) No. F14213. RODAC contact plates 
type TSA (Tryptone Soya Agar) + Tween 80 + Lecithin was utilised. 
RODAC TSA is richer in nutrients and containing the Tween and 
Lecithin for the inactivation of inhibitory substances. A typical pack of 
contact plates are prepared in packs of 10 and are always handled 
with sterile gloves during the described test procedures shown in 
Figure 3.5. The test procedure occurs as follows; 1) Open cap of 
plate and gently push the agar surface on a level area for 10 seconds 
and; 2) Cover plate with cap and incubate according to the conditions 
indicated for appropriate colonisation (Liofilchem©, 2012) No. 
F14213. A total of N=100 plates were used and then stored in an 
incubation chamber at 35°C for 72 hours after which the colonies 
were counted. For the purpose of collecting quantifiable data only, 
bacteria were not identified on contact plates according to species.  
 
           Figure 3.5 RODAC Contact plate types and an illustration  





3.6 Reliability and validity  
Basic safety equipment was used to prevent further contamination 
and measures were taken to ensure the health of the researcher was 
not compromised. This included the use of gloves, protective face 
masks, along with wearing sleeved garments and closed shoes. 
Findings and results of this study were reported to the Director of 
Water and Health Research Centre, the Head of Department of 
Chiropractic and the Clinic training manager. All waste was removed 
and disposed by the UJ approved supplier according to the agreed 
upon protocols. 
AOAC© (Association of Official Agricultural Chemists) 
INTERNATIONAL is the forum for finding appropriate science-based 
solutions through the development of microbiological and chemical 
standards.  AOAC© standards are used globally to promote trade 
and to facilitate public health and safety. Hygiena© announced the 
AOAC Research Institute, one of the world’s most recognizable 
product certification organizations, has issued its Performance 
Tested Method℠ certificate to the UltraSnap™ Surface ATP Test for 
identifying the possible presence of microbial contamination 
(Appendix C). The AOAC© Performance Tested Methods℠ (PTM) 
program offers certification as an endpoint for method evaluation or 
as an entry to method validation for programs requiring increased 
confidence and method reproducibility information.  
3.7 Ethical Considerations  
Permission to have access to the University of Johannesburg 
Chiropractic Clinic rooms was approved by Dr Caroline Hay, the 
Chiropractic Clinic Coordinator in the information letter and consent 
form (Appendix A) which outlined the name of the researcher, 
purpose of the study, benefits of partaking in the study and 
participant procedure. Approval to conduct this study was received 
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from the UJ Faculty of Health Science Higher Degrees Committee 
(HDC) (Appendix B: HDC 01-34-2019) and Research Ethics 
Committee (REC) (Appendix B: REC 241112-035). 
3.8 Data Analysis  
Results including bacterial counts and ATP levels in RLU were 
entered into Microsoft Excel sheets. Statistical analysis was 
conducted in IBM SPSS Statistics v 25 by STATKON.  With 
descriptive statistics, the Mann-Whitney Test was used as a non-
parametric test to describe the data. This method was used to 
describe the differences between two independent groups on a 
continuous measurement comparing medians. Levene’s test for 
Equality of Variances was used to assess the null hypothesis that the 
population variances were equal. The Chi-square test was used to 
explore the relationship between two categorical variables. A 
Spearman's correlation test was run to determine a possible 
monotonic relationship. Normality tests included the Kolmogorov-
Smirnova and Shapiro-Wilk tests. Data was considered statistically 
significant when (p-value ≤ 0.05).  Data used described possible 

















RESULTS AND DATA ANALYSIS  
 
4.1 Introduction  
 
This chapter provides the findings, analysis and observations based 
on the data collected by the researcher. Results will be discussed to 
better understand the utilisation of UltraSnap™ Surface ATP 
(Adenosine Triphosphate) testing to measure and monitor surface 
cleanliness of Chiropractic treatment tables, compared to traditional 
culturing, with and without disinfection.  
 
4.1.2 Clinical Setting and Logistics   
 
The Chiropractic day clinic is located at the University of 
Johannesburg (UJ), Doornfontein (DFC) providing a training 
environment for Chiropractic student interns to complete their 
internship programs and experience treatment situations with actual 
patients. Altogether, there are currently N= 22 treatment rooms being 
utilised, of which n= 18 are located on ground level, n= 2 in the middle 
level and n= 2 in the top level. Figure 4.1 illustrates a map of the 
Chiropractic day clinic map. The layout of the clinic is fixed within a 
square where n= 13 ground level rooms are located along the outer 
walls and n= 5 rooms are located centrally. Between each room lies 
a corridor allowing students and patients to walk in. Using the same 
map adapted from Bowes et al.  (2018), the colours of the squares 
represent the following; orange for North facing rooms; blue for East 
facing rooms and; green, purple and pink for central rooms. The 
significance of the room direction explains the exposure to the 
environment whereby the North and East facing rooms are exposed 
to the external environment via windows. The central rooms open 




In 2019, there were a total of N= 80 Chiropractic student interns 
practicing at the UJ Chiropractic day clinic. Of the N= 80 student 
interns, n= 35 were in their 2nd year on internship working in the 
morning shift and n= 45 were in their 1st internship year allocated to 




Figure 4.1 The University of Johannesburg Chiropractic training 
clinic on the first floor of the UJ Health Training 
Centre (Kingham et al. 2019)  
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4.2 Developing an ATP Monitoring Protocol  
 
This section describes the results for the first two objectives which 
was to compare  UltraSnap™ (RLU for ATP) and RODAC (Replicate 
Organism Detection and Counting; CFU’s = Colony forming units) 
tests. The sections to follow will describe the comparison of the data 
for the two methods, which includes constructing detection 
categories to describe treatment bed cleaning efficiency, testing if the 
disinfectant chosen works and lastly to determine if the day of 
sampling or sampling site on the treatment bed influenced the 
protocol.  
 
4.2.1 UltraSnap™ Surface ATP Testing Versus RODAC Plating 
 
For this section, the researcher wanted to correlate results from ATP 
Testing with RODAC plating. When looking at results in Figure 4.2, 
there is no apparent linear relationship between ATP levels and 
microbial counts. The scatter plot shows the formation of one cluster 
where high ATP levels relate to increasing CFU levels. The two 
outliers show low ATP (9,10) correlating to low CFU (9,10) 
respectively. Two small cluster groups can be observed but poor 
correlation is evident from the results. From these results, no strong 
correlation is evident between the two methods or results.  
 
              Figure 4.2 A scatter plot showing the ATP levels (RLU) versus RODAC 
plate results (CFU) measured (p = 0.001).  














Statistical results reveal no positive tests of normality using 
Kolmogorov-Smirnova (RLU p value ≤ 0.153 and CFU p value ≤ 
0.341) and Shapiro-Wilk (RLU p value ≤ 0.901 and CFU p value ≤ 
0.423) tests. From this statistical analysis, it can be deduced that 
there was no linear relationship to suggest that RLU levels have a 
direct link to CFU levels, like previously reported comparison of the 
two methods (Shama and Malik, 2015). A Spearman's correlation 
was run to determine a monotonic relationship between RLU and 
CFU where there was a weak, but positive monotonic correlation 
between RLU and CFU (p ≤ 0.001) which indicates increasing values 
of RLU associated with increasing values of CFU. (Öz and Arun, 
2019). From this statistical evidence, we can deduce that both testing 
methods share an ability to detect increasing levels of microbial loads 
and ATP levels. Again, statistical evidence from other studies report 
that lower ATP detection is unreliable for detected high CFU 
contamination. These results question the value of the combination 
in testing methods for monitoring surface contamination. The next 
sections will describe how individual testing method will be applied 
to the objectives of this study.  
 
4.2.2 Detection Categories for Testing Methods  
4.2.2.1 RLU limits for ATP Threshold Management  
 
According to Hygiena© (2019), thresholds or limits should be set as 
a fundamental part of running a successful ATP monitoring program 
and using ATP for monitoring surface hygiene must be defined by an 
individual facility according to thresholds observed. Once a base 
level is set for whether a test passes or fails, these readings can be 
used for the remaining ATP swabbing and testing process. RLU limits 
will vary depending on the surface being checked, however the 
formulas used to determine a Pass, Caution and Fail are always the 
same. This section gives the RLU limits that were calculated from a 
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control bed according to Hygiena©’s guidelines (Appendix D) with 
Figure 4.3 showing the ten readings measured in a box and whisker 
plot.  
 
The most important value is the mean value (132) which is used in 
the formula to calculate each RLU Limit as shown in Table 4.1. The 
final RLU limit formulas and raw data set can be found in Appendix 
D and the resulting limits are given in Table 4.2 giving categories for 




                 Figure 4.3 A box and whisker plot showing the raw data set of 10 RLU 
values gathered during RLU Limit calculations experiment 
 
                  Table 4.1 Showing the RLU limit formulas to calculate a pass, caution 
and fail test 
RLU Limit Formula Calculation ATP (RLU) 
Pass 𝑃𝑎𝑠𝑠 =  
𝑆𝑢𝑚
𝐶𝑜𝑢𝑛𝑡
 𝑃𝑎𝑠𝑠 =  
1320
10


















        Table 4.2 Showing the RLU limit descriptions by Hygiena (2014) for a pass, 
caution and fail test as adopted from the table created by Kingham 












Proper cleaning of an area with acceptable 
ATP levels and microbial counts. Minimal 





Cleaning that needs to be monitored due to 
moderate ATP levels and microbial counts. 






Improper cleaning and unacceptable levels 
of ATP with the possibility of microbial 
contamination that needs monitoring. High 




This section includes the categories for the levels of microbial 
contamination within ‘Levels of Hygiene’ ranges for  samples using 
RODAC plating as reported by Kingham et al. (2019) where 
descriptions are incorporated into Table 4.2.  
 
4.2.3 Results from Testing Methods Using Detection Categories 
 
This section demonstrates the application of detection categories to 
the data from both testing methods. This includes RLU limits when 
applied to the ATP results collected as well as the ‘Levels of Hygiene’ 
applied to RODAC samples. When summarising the outcomes 
according to the RLU limits in Table 4.2, the pie chart in Figure 4.4 
gives the percentage of tests within each RLU Limit category. These 
results reveal that the ATP tests have a majority pass (32%) and 
caution (47%) rate indicating surfaces with acceptable to moderate 
63 
 
ATP levels where cleaning should be monitored. The risk of improper 
hygiene of surfaces was minimal to moderate indicating fair cleaning. 
A fail rate of 21% indicates that surfaces had unacceptable levels of 




             Figure 4.4  A pie chart showing each percentage of ATP tests within 
RLU limits a) Pass, b) Caution and c) Fail  
 
Using ‘Levels of Hygiene’ categories as adapted by Kingham et al. 
(2019), results from this study are shown in Table 4.2. Based on the 
total RODAC plates (N=94) sampled, Figure 4.5 shows a pie chart of 
the percentage within each category. 
 
                 Figure 4.5  A pie chart showing each percentage of RODAC samples 



















These results show an above average percentage (64%) of 
adequate levels of hygiene in RODAC samples, concluding that 
proper cleaning routines were performed successfully where 
acceptable levels of microbial contamination meant a minimal risk of 
infection transmission. In the category of inadequate levels of 
hygiene, 21% of surfaces were classified as having unacceptably 
high levels of microbial contamination due to improper cleaning and 
high risk of infection.  The two testing methods have differing results 
for the pass and adequacy levels of cleanliness while the inadequacy 
or fail rates are equal (21% respectively). Based on these results, 
using these two methods for monitoring how clean or contaminated 
a surface is show differences that need further data to clarify a 
correlation. As for monitoring high surface contamination and low 
cleanliness, results show that both methods share an equal ability 
and use in detecting improper cleaning and high levels of surface 
contamination. This result is potentially useful in detecting high 
infection risk which is critical for Chiropractic treatment table surfaces 
and improving cleanliness.  
 
4.2.3.1 Control Bed Data of Chiropractic Treatment Tables 
 
During this study, three (n=3) control beds were used to evaluate the 
efficiency of disinfection using ATP testing and RODAC plates for the 
first objective. A total of 94 ATP and 94 CFU measurements were 
processed; half of which were taken before disinfection and half 
taken after disinfection with Distel™. In this section, the researcher 
aimed to determine the presence of microbial and ATP 
contamination on control beds before and after disinfection of 
Chiropractic treatment tables.  
 
ATP testing results for the control bed samples is shown in Figure 
4.6. The box and whisker plot before cleaning is negatively skewed 
(Median = 425) whereas the plot for after cleaning is positively 
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skewed (Median = 100). The box and whisker plot series in Figure 
4.6 demonstrates a decrease in RLU levels, with the minimum, 
median and maximum levels all decreasing after cleaning. Statistical 
results show a mean average of  before cleaning as 381 and 130 
after cleaning. Applying the RLU limits to these results, we can 
deduce that the average treatment tables before cleaning Failed 
while the average Passed after cleaning. These results show that 
ATP testing can be used as a monitoring tool for cleaning protocols. 
Additionally, RLU limits to evaluate efficient cleaning and disinfection 
routines can be used to guide ATP monitoring of Chiropractic 
treatment table surfaces.   
 
Figure 4.6  Box and Whisker plot showing the decrease 
in RLU and CFU’s from before to after 
disinfection of control beds.  
 
Sampling of control beds using RODAC plates was similarly used to 
correlate a link to ATP testing for monitoring disinfection. Results 
using RODAC plates (CFU) show decreased levels after disinfection 
as illustrated in Figure 4.6. The box and whisker plot before cleaning 
is negatively skewed (Median = 8.5) whereas the plot for after 
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cleaning is normal (Median = 1RLU). Statistical results show a mean 
average before cleaning of 32.42 CFU/cm2 and 2.67CFU/cm2 for 
after cleaning. Applying the ‘Levels of Hygiene’ to these results, the 
average CFU/cm before cleaning was Inadequate whereas after 
cleaning was categorised as Adequate. These results show 
successful cleaning by the disinfectant from the clear reduction of 
CFU levels and therefore efficient monitoring of disinfection using 
RODAC plates as ATP testing revealed.   
 
The following results from both testing methods were used to 
determine if cleaning was adequate. The surface was considered 
clean when both ATP and microbial measurements were < 264-495 
RLU and < 0-10 CFU/cm2, respectively. All sample data after 
cleaning were adequate where all RLU and CFU values 
demonstrated a significant decrease in levels using both methods as 
shown in Table 4.3.  
 
             Table 4.3  Measurement results and statistics of ATP and 
RODAC data using Mann-Whitney U Test ranks 
before and after cleaning control beds 
 
 Before After Z Asymp.Sig 










7.58 -3.432 0.001 
 
For both ATP testing and RODAC plating methods, statistical testing 
using the Mann-Whitney U Test revealed a significant difference in 
levels before cleaning and after cleaning (RLU  p = 0.000; CFU p = 
0.001). From the statistical analysis and the results discussed in this 
67 
 
section, we can deduce that both ATP testing and RODAC plating 
methods are successful in measuring surface cleanliness of 
Chiropractic treatment tables after disinfection. From the 
measurements for before and after disinfection, ATP testing showed 
a superior ability than RODAC sampling for detecting an unclean 
surface similarly found by Tršan, Vehovc, Seme and Srčič (2020). 
This also suggests that when monitoring the efficiency of cleaning 
protocols, ATP testing can be used either beside RODAC contact 
plating or on its own as the results showed the independent value 
that ATP testing has.  
 
4.2.4 Sampling Protocols for Monitoring Using ATP Testing and 
RODAC Plating 
4.2.4.1 Sampling Time Protocol During the Week 
 
For this section and objective two, the researcher wanted to 
determine what the optimal sampling day would be for monitoring the 
clinics following the sampling protocol described by Kingham et al. 
(2019). The results are summarised in Figure 4.7 showing log10 
graphs with both the ATP and RODAC plate data obtained for 
samples collected on Mondays and Thursdays.  
          Figure 4.7  Graphs showing the means and medians of a) the ATP          
levels (RLU) and b) microbial loads (CFU) measured on 
chiropractic treatment tables between Monday and 











Mean Median Mean Median Mean Median Mean Median






When looking at the ATP results, a minor difference is seen between 
the Monday (Mean = 225.66 ; Median = 154.5) and Thursday (Mean 
= 259.88 ;  Median = 197). When looking at the RODAC plate results, 
a mild difference is seen between the Monday (Mean= 36.57; Median 
= 6.5) and Thursday (Mean = 22.66; Median 6.5). Statistical testing 
using Levene’s test showed that variances for Monday were not 
equal to variances on Thursday (RLU p = 0.6 and CFU p = 0.1), 
indicating no statistical significance between the days (Refer to 
Appendix G for detailed statistical analysis). Using the median values 
and running a Mann-Whitney U test, higher values were found on 
Thursday which  assumes that this day had higher values. From the 
statistical analysis, we can deduce that there was either not enough 
solid data to favour either day but there was also no evidence to rule 
out Thursday as the day with higher values.  
 
4.2.4.2 Sampling Points on Treatment Tables 
 
Taking into consideration that the data presented in Table 4.4 was 
obtained from the head- or thoracic pieces of the treatment table, the 
question in objective two became if one of the pieces could be used 
alone to monitor the treatment beds? The data obtained in Table  4.4 
shows results from the two areas using both ATP testing and RODAC 
plates.  
            Table 4.4  Non-Parametric Analysis of areas using RODAC 
and ATP Testing during week one 
 
 Area using each testing method 









Mean 29.82 43.32 165.50 285.82 
Median (M) 4.50 8.50 119 207 
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Minimum 0 0 16 24 
Maximum 402 304  548 706 
IQ range 16 42 136 415 
P-value 0.112  0.065 
 
Results from non-parametric analysis indicate that the thoracic piece 
had higher averages compared to the head piece. When looking at 
the ATP testing results, there is a difference on the thoracic piece (M 
= 207) compared to the head piece (M = 119). The RODAC plate 
results similarly show a difference on the thoracic piece (M = 8.5) to 
the head piece (M= 4.5). From these results, it can be deduced that 
the thoracic piece proved to be the area with higher level of 
contamination. Unfortunately, the current data set was too small to 
perform meaningful statistical analysis and statistical conclusions 
could be drawn on whether one of the areas could be used for 
monitoring alone (Refer to Appendix G for detailed statistical 
analysis). 
 
4.3 Implementation of ATP Monitoring Protocol  
 
This section describes the results for objective three which was to 
utilize UltraSnap™ alone (RLU for ATP) according to the outcomes 
from objective one and two as discussed in this chapter thus far. The 
sections to follow will describe the overall results with the use of ATP 
testing alone, which includes the effect of the disinfectant, using the 
RLU Limit detection category to describe treatment bed cleaning 
efficiency and lastly to determine if outcomes were influenced by a 
sampling site on the treatment table and treatment room placement.  
 
4.3.1 Effect of Disinfectant  
 
The disinfectant use on the three control beds was explored using 
ATP testing to monitor levels of surface cleanliness before and after 
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cleaning. The results in Figure 4.8 show results gathered from the 
control bed samples.  
 
  
             Figure 4.8  A box and whisker plot series showing the RLU 
distribution levels of control beds before and after 
cleaning.  
When looking at the box and whisker plot (Figure 4.8), the mean 
averages of  before cleaning (279.61) decreased to 120.75 for after 
cleaning.  The box and whisker plot before cleaning is negatively 
skewed (Median = 243.5) whereas the plot for after cleaning is 
positively skewed (Median = 74.5). RLU levels including the 
minimum, median and maximum levels all decreased after cleaning. 
Applying the Chi-square test revealed a p-value of 0.001 which 
shows a significance in reduction of RLU levels from before to after 
cleaning. These results indicate a clear reduction in ATP levels from 
before to after cleaning and thus an effective method of monitoring 
cleaning using ATP testing. The results also indicate that cleaning 
efficiency is directly proportional to the success of the disinfectant 
used. Considering control beds versus test beds, the percentage of 
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samples in each RLU category were 41%:31% pass, 16%:31% fail, 
and 43%:38% caution respectively. These results indicate that the 
RLU limits were similar for the pass and caution rates while more 
samples failed in test bed samples than control bed samples. This is 
expected given that the test bed sample population was larger and 
included beds that were not undergoing any disinfection.  
 
In monitoring control bed disinfection, RLU limits were applied to 
determine cleaning efficiency. As illustrated by Figure 4.8, the results 
show a significant difference between ATP levels for before and after 
cleaning whereby all surfaces that were disinfected had an average 
of 120 RLU and therefore ‘pass’ according to RLU limits. A summary 
for the percentages of control bed samples within each RLU limit are 
given in Table 4.5.  
 
Table 4.5  Showing the RLU limits for a pass, caution and fail applied 
to areas sampled before and after cleaning with Distel™ 
  Control Beds  
Cleaning  
RLU limits Before After 
 n % n % 
Pass 11 31 24 66 
Caution 14 38 11 31 
Fail 11 31 1 3 
Total 36 100 36 100 
 
The pass (31%) and fail (31%) rate before cleaning is equal for 
before cleaning whereas only 1 sample failed after cleaning. From 
these results, we can deduce that according to RLU limits, ATP levels 
after cleaning are significantly lower than before cleaning and that 
ATP testing can be used as a monitoring tool for cleaning protocols. 
Furthermore, these results show that the disinfectant was successful 
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in the control beds that passed (66%) after cleaning. Using these 
RLU limits to monitor efficient cleaning and disinfection routines can 
be a guiding recommendation when monitoring cleaning practices 
and the efficiency of a disinfectant.  
 
4.3.2 Overall Testing Results  
 
This section explores overall ATP testing results alone to monitor 
surface cleanliness. Figure 4.9 illustrates a statistical summary of the 
ATP results represented as a box and whisker plot showing varying 




             Figure 4.9  A box and whisker plot of ATP levels (RLU) measured over 
a three-week period using UltraSnap™ Surface ATP tests 
to test the surface contamination of Chiropractic treatment 
tables (N = 242).  
 
Statistical variances for ATP levels during this study showed a mean 
average of Mn = 208.15 (Sd = 179.452). The high standard deviation 
indicates that the ATP levels are spread out over a large range of 
values. The positively skewed box and whisker plot in Figure 4.9 
indicates that the distance from the median to the maximum is 
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greater than the distance from the median to the minimum. From this 
we can deduce that most RLU levels were distributed above the 
average thus ATP levels detected were mostly high. These ATP 
results clearly demonstrate extreme variabilities within the data set 
and therefore gives reason for thresholds (RLU limits) to evaluate 
any significance. The application of RLU limits to the overall results 
will be analysed next. 
 
When summarising the outcomes according to the RLU limits in 
Table 4.5, the pie chart in Figure 4.10 gives the percentage of tests 




            Figure 4.10  A pie chart showing each percentage of ATP tests within 
RLU limits a) Pass, b) Caution and c) Fail 
 
These results reveal that ATP test samples have an almost equal 
pass (41%) to caution (43%) ratio indicating that acceptable to 
moderate ATP levels were detected, indicating cleaning that needs 
to be monitored. Considering the RLU limits and mean (Mn = 208.18) 
from Figure 4.10, we can deduce this will classify as a Caution. From 
the results, it is evident that overall RLU values are more consistently 
set within Caution, indicating that ATP levels and cleaning needs to 











show value in defining RLU values in relation to surface cleanliness 
which can be applied in a monitoring protocol.   
 
4.3.3 Sampling Sites  
 
Due to insufficient data collected to indicate statistical significance of 
which area was more contaminated, and could be better target for 
ATP monitoring, and with additional armrest sampling done by 
Kruger et al. (2017) showing high average fungal counts, it was 
decided that phase two using ATP testing would include two 
additional sample sites on the right and left armrests. Altogether, 
surfaces included the head piece, thoracic piece and both left and 
right armrests. This section of results describes the average level of 
ATP levels found on each individual site sampled in Figure 4.11 and 




            Figure 4.11  A box and whisker plot series showing the ATP distribution 
levels of  four individual sample sites including the head 
piece, thoracic piece and right and left armrests.  
 
The thoracic piece had the highest average (M = 175 RLU) whereas 
the head piece had the lowest average (M = 142 RLU) per site tested. 
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When observing any significance between right and left armrests, 
results showed a slightly higher average of ATP on the right armrest. 
From the results presented, we can suggest that the thoracic piece 
and armrests have higher levels of surface contamination between 
all sites on a Chiropractic treatment table.  The one-way analysis of 
variance (ANOVA) was used to determine whether there were any 
statistically significant differences between the means of the four 
sites, but none was found (F (3.238) = 0.987, p = 0.4). Further 
monitoring needs to be performed to determine if there potentially is 
a site that is significantly more contaminated than the others.  
 
Table 4. 6 RLU limits applied to areas sampled with ATP Testing  
 
 Area sampled using ATP testing 
 













 (N) % 
 n % n % n % n %   
Pass 40 47 30 36 13 37 16 43 99 41 
Caution 35 41 38 45 17 49 14 38 104 43 
Fail 11 12 16 19 5 14 7 19 39 16 
Total 86 100 84 100 35 100 37 100 242 100 
P-value  0.866 
 (n = individual area) 
 
Applying the RLU limits to each sample site, Table 4.6 shows the 
percentage of samples in each category. The thoracic piece and left 
armrest failed 19% of the times it was tested, suggesting that these 
areas had the highest levels of surface contamination. According to 
the Chi-square test that explores the relationship between two 
categorical variables (Pearson, 1900), there was no association 
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between RLU limits on the four areas tested. The p-value (0.866) 
indicated that these variables are independent of each other and that 
there was no statistical relationship between the categorical 
variables. From these results, although the thoracic piece had higher 
averages detected, according to the overall statistical analysis we 
cannot single out an area as more contaminated than another or find 




Figure 4.12 A box and whisker plot series showing the ATP 
levels of individual sample sites for control beds 
before and after cleaning 
 
In further monitoring the effect of the disinfectant on individual 
sample sites, RLU limits were applied to determine cleaning 
efficiency. The disinfectant was retested at this stage in order to 
evaluate its efficiency for the two additional sample sites. The 
following results describe the effect of disinfection on individual 
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sample sites as shown in Figure 4.12. As illustrated by Figure 4.12, 
the results show a significant difference between ATP levels from 
before to after cleaning of all areas as each box and whisker 
indicates a positive to negatively skewed plot meaning that there is 
a significant decrease from before to cleaning. As for individual 
areas, the thoracic piece showed the largest average decrease 
(271.5) from disinfection and the left armrest showed the lowest 
average decrease (78.5). These results indicate that the effect of 
disinfection on the thoracic piece is greater whereas disinfection of 
the left armrest was least effective. Based on these results, it is 
evident that cleaning with the disinfectant of the thoracic piece is 
more thorough than the left armrest. The reasons for this result and 
significance will be discussed in Chapter 5.  
 
4.3.4 Room Placement  
 
This section describes the statistical significance of treatment room 
placement within the clinic, where outer rooms were compared to 
inner rooms for differences in average ATP levels. The results 
gathered using ATP testing supported the results found in previous 
studies and the data is shown in Figure 4.13 (Kruger et al. 2017; 
Bowes et al. 2018). The Mann-Whitney test confirmed that there was 
a statistically significant difference (p = 0.0004) between the ATP 
readings of the inner and outer rooms. From these results we can 
deduce that inner rooms have consistently higher ATP levels 
indicating insufficient cleaning than outer rooms or contributing 
factors leading to higher contamination as discussed by Kruger et al. 






               Figure 4.13  A box and whisker plot series showing the ATP levels (RLU) 
between outer positioned (left box) and inner positioned 
(right box) rooms over three weeks.  
 
According to room placement, control rooms 7 and 18 were 
positioned on the outer areas whereas control room 12 was 
positioned on the inner area. Results on the differences in 
disinfection between control rooms are shown in Figure 4.14. 
Looking at the medians, the decrease in average ATP level of inner 
rooms (146) and outer rooms (133) indicates that the disinfectant had 
a greater cleaning effect for inner control room 12 than outer rooms 
7 and 18. From these results, we can deduce that there is a 
significant difference in room placement within the Chiropractic clinic 





                        Figure 4.14  A box and whisker plot series showing the disinfection of 





The importance of both methods described from results in this 
chapter concludes the provision for an integrated system utilising 
each method by their designated purpose. Monitoring the surface 
environment in a Chiropractic healthcare setting is a clear next-step 
approach required for evaluating the successes of previously 
implemented disinfection protocols and ensuring strict hygiene 
standards. ATP testing is useful and successful in areas like 
traditional surface environment testing. Based on the results in this 
chapter, where and how ATP testing should be used for monitoring 













5.1 Introduction  
 
The purpose of this study was to determine whether the utilisation of 
ATP testing would be successful in monitoring treatment bed surface 
cleanliness within the UJ Chiropractic Clinic. This was done using 
UltraSnap™ Surface ATP test kits to sample areas on Chiropractic 
treatment tables. Traditional monitoring with RODAC plate samples 
was used alongside ATP testing to explore the accuracy and efficiency 
it has in detecting surface contamination, as well as the effectiveness 
of disinfection methods. This chapter will explore and discuss the 
results of this study.  
 
5.2 Testing Methods Compared 
 
UltraSnap™ Surface ATP test kits were used to sample levels of ATP 
(RLU) and RODAC plate testing methods to sample levels of 
microbial contamination (CFU). The two methods were utilised 
together during the first week of sampling with a total of 184 samples 
collected. Of these samples, 94 were ATP samples and 94 were 
RODAC plate samples.  
 
No strong correlation to indicate a direct relationship between the two 
methods could be observed. This was unsurprising given the 
differences in testing means and units of measurement.  In a study 
comparing microbial loads and ATP levels in a hospital environment, 
Carling and Huang (2013) determined that further studies were 
needed to determine the correlation between the two methods and 
the association of ATP levels with incidence of HCAIs. A Spearman’s 
correlation did however find a weak positive monotonic relationship 
to suggest that increasing values between RLU and CFU could be 
observed (p = 0.001). Öz and Arun (2019) ran the same statistical 
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test and found a significant correlation between classical culturing 
and ATP bioluminescence methods (p = 0.001). These statistical 
findings could explain that although both testing methods cannot 
directly be correlated, their results indicate that they were successful 
in detecting increasing contamination levels.  
 
By combining the results from this study using traditional monitoring 
and ATP testing, the challenge in strongly correlating the data arose 
because of the distinctive parameters of measurements and 
methods. Microbial culturing quantifies total viable counts (CFU) 
using RODAC plates that represent culturable microbial 
contamination whereas ATP testing quantifies ATP levels (RLU) of 
viable cells. Results for increasing values did however indicate 
significance and therefore shows the use in testing methods.   
 
Although traditional methods for testing surface contamination and 
bacterial loads within hospital settings have always been with 
microbial culturing, Huang, Chen Y, Chen M, Cheng, Chang, Hung, 
Sheng and Wang (2015) states that “there is no consensus regarding 
the preferred method to judge hospital cleanliness”. In the 
Chiropractic clinic where previous studies have identified various 
bacteria’s and fungi that pose a potential infection risk, this specific 
instance is where RODAC can be designated. Furthermore, the clinic 
has recently implemented disinfection protocols that ATP testing can 
be most useful for. Barring the constraints and differences, and rather 
focusing on where the two methods can be integrated, Ferreira 
Andrade, Ferreira and Rigotti (2011) suggests an integration of the 
two testing methods in order to benefit from the respective 
advantages.  
 
Microbial culturing has shown to be time consuming and expensive 
when needed on a large scale (Huang et al. 2015). During this study, 
this was evident in the labour-intensive process involved in preparing 
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the RODAC contact plates, sampling the areas, incubation periods 
and counting of each CFU for every plate. ATP testing using 
Hygiena©’s monitoring system proved to be a quick and simple 
process which could be used on a regular basis. The process 
required less time and sorting than RODAC plating. The researcher 
could easily understand how to use the ATP system as opposed to 
RODAC plating which required help with the testing process and 
analysis of the data. As a method to use within the Chiropractic clinic, 
ATP testing can be used by the student interns without extensive 
training and experience in the device because its user-friendly 
experience. RODAC plating to monitor the clinic should not be ruled 
out completely as its value is strongly evident. The frequency of its 
use can be balanced with ATP tests to be used where necessarily 
and on an occasional basis as recommended in Chapter 6.  
 
5.3. RLU Limit Detection Categories  
 
RLU limits were calculated specifically for the Chiropractic treatment 
tables according to Hygiena©’s guidelines (Appendix D). ATP testing 
throughout industries use benchmarks that are unique to the facility 
and can range anywhere between 45 and 1000 RLU but more 
commonly range from 250 to 500 RLU (Nante el al. 2017). Studies 
have used microbial culturing to monitor Chiropractic treatment table 
surfaces (Evans et al. 200; Kingham et al. 2019) but there is no 
existing study using ATP testing for this surface environment. 
Hospital surface environments are more frequently monitored and 
therefore a comparison of such surfaces and their ATP benchmarks 
could be compared. In a study using the same Hygiena© ATP 
monitoring system as this study, Andersen, Rasch, Kvist, Tollefsen, 
Lukkassen, Sandvik and Welo (2009) formulated RLU benchmarks 
of 100-500 RLU for patient room floors in a teaching hospital. Using 
the 3M Clean-Trace Clinical Hygiene Monitoring System, Moore et 
al. (2010) formulated benchmarks of 250-500 RLU for hospital 
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devices in a teaching hospital. These studies show the accuracy level 
of the RLU limits calculated for use in this study, particularly the 
maximum RLU limit calculated for a fail (>395). Ultimately, RLU limits 
or benchmarks are not standard across the types of surfaces being 
tested or device and therefore as recommended by manufacturer 
and studies, they should be determined by the facility specifically. 
The RLU limits for Chiropractic treatment tables in this study can be 
used as a comparison and guideline when monitoring such surfaces 
with ATP testing in the future.  
 
Applying these RLU limits, the samples gathered (N=242) resulted in 
a 41% pass, 41% caution and 16% fail rate. The mean average 
(208.18) ATP level during this study classified as a Caution more 
frequently than any other RLU Limit, indicating that surfaces have 
moderate microbial contamination where cleaning needs to be 
monitored. This shows that disinfection practices are not perfect and 
still need monitoring in order to improve the cleaning efficiency which 
ultimately increase hygiene standards. The low fail rate is 
impressive, reflecting good cleaning by student interns and low 
surface contamination due to their disinfection practices and 
Distel™. Ultimately, a healthcare facility should aim for the highest 
possible pass rate to reach high standards of surface cleanliness. 
Continuous monitoring of disinfection efficiency can be successfully 
performed using ATP testing, particularly for Chiropractic treatment 
tables. Although sterility is important to evaluate at the UJ 
Chiropractic clinic, using ATP tests showed valuable data 
corresponding to the quality of everyday cleaning practices. 
 
5.4 Monitoring Control Bed Disinfection  
  
The data shows that ATP testing is accurate in monitoring 
disinfection efficiency for surfaces with a significant change in before 
and after disinfection reading s observed (p = 0.001). The reduction 
84 
 
is evident and therefore supports the use of ATP testing to monitor if 
cleaning protocols have been adequate or not. Tršan et al. (2020) 
used ATP testing on hospital pharmacy cleanroom surfaces where 
results before cleaning had a median of 279 before cleaning and 55 
after cleaning (p ≤ 0.001). These ATP levels closely resemble the 
levels from this study, confirming the validity and accuracy of ATP 
testing to monitor disinfection.  
 
Applying the RLU limits further contributes to the use of ATP for 
monitoring cleanliness where it went from a caution to a pass 
between the disinfection process. Considering the pass rate on 
control beds, 31% of samples passed before cleaning whereas 66% 
passed after cleaning. As for the fail rate on control beds, 31% failed 
before cleaning whereas only 3% failed after cleaning. This validates 
the disinfectant efficiency and the cleaning process used for 
disinfecting Chiropractic treatment beds. The possible reason for a 
3% fail rate could be likened to the detection of residual disinfectant 
after cleaning causing false-negative results (Boyce, Nancy, Havill, 
Diane and Dumigan, 2009). In instances that are not considered 
critical for infection outbreaks but instead during routine hospital 
cleaning, Nante et al. (2017) backs the use of ATP testing for real 
time assessing of hospital surfaces where cleanliness is required.  
 
Using RODAC plating, CFU sample median averages decreased 
from 8.5 to 1 between the disinfection process with a p value ≤ 0.001. 
According the microbial loads detected, it shows that cleaning was 
good at lowering the bioburden which could possibly include 
potentially harmful bacteria and fungi. In a previous study at UJ 
Chiropractic clinic, Kingham et al (2019) found a substantial 
reduction of both fungal and bacteria CFU from surface sampling 
before and after disinfection of control rooms (p ≤ 0.0001). Together, 
ATP testing and RODAC plate methods reveal value for testing the 
disinfection process thus concluding the efficacy of the testing 
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methods. Considering the aim of this study in evaluating the use of 
ATP testing, it can be concluded that ATP testing is independently 
valuable in monitoring the success of cleaning Chiropractic treatment 
table surface cleanliness.  
 
5.5 Influences on ATP testing  
 
The first fundamental question that may influence ATP testing and 
data poses whether there is a difference in ATP levels between taxa 
organisms such as yeast, fungi and bacteria types (Shama and 
Malik, 2014). In both microbial and mammalian cells, it has been 
reported that ATP levels can display a large cell-to-cell variability 
even in a clonal population (Yaginuma, Kawai, Tabata, Tomiyama, 
Kakizuka, Komatsuzaki, Noji and Imamura, 2014). The cells size of 
yeast compared to bacteria generated a higher ATP level per cell in 
almost all testing circumstances (Venkateswaran, Hattori, La Duc, 
and Kern, 2003). Therefore, cell size may be an influential factor 
toward ATP content and thus a higher level detected during surface 
testing. The quantitative focus of this study in using ATP levels 
versus TVC for all taxa organisms, makes it difficult to discuss ATP 
levels per cell type. What can be discussed is the visual analysis of 
CFU on the RODAC plate versus the ATP level. In instances where 
the CFU was low but visual analysis showed a large colony size 
formation, this is where cell size can be considered. Considering this 
question, in samples with low CFU values but high RLU levels, this 
possible phenomenon may be the answer. Further studies 
investigating the identities of organisms versus ATP levels need to 
be done in order to determine a significance.  
 
The second fundamental question is whether ATP content within 
microbial cells is a fixed entity (Shama and Malik, 2014). The state 
of the environment whether natural or constructed as laboratories 
and hospitals, plays an important role on the metabolic activity of 
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microbial organisms and thus their ATP content. Ultimately, this 
response can be measured by metabolic activity and levels of ATP. 
Bacterial ATP content seems to differ according to the environment 
in which it grows whereby bacteria found in a laboratory environment 
was higher than bacteria from a natural environment (Shama and 
Malik, 2014). Studies using artificially contaminated surfaces without 
the presence of physical dirt (Öz and Arun, 2019) needs to be 
considered as this study sampled Chiropractic treatment tables in an 
uncontrolled environment with the presence of dirt. This influences 
the results in that ATP levels detected in this study could potentially 
be higher than laboratory environments. Studies found no 
significance between four microorganism types and ATP level 
whereas the combined HCAI data correlated significantly with ATP 
levels (p ≤ 0.001) (Öz and Arun, 2019) 
 
A hostile environment provides the perfect breeding ground for 
metabolically differing organisms whereby stresses of varying types 
will influence the way in which each microbe responds as survival 
strategy (Swick, Koehler and Driks, 2016). Bacterial endospores 
compared to vegetative bacteria differ in ATP content due to their 
metabolic state and function in response to the environment 
(Venkateswaran et al. 2003). In order to adapt to the constantly 
changing environment, some environmental bacteria intrinsically 
possess multiple survival strategies against occasional exposures to 
stresses (Haruta and Kanno, 2015).  
 
These aspects need to be carefully considered when using ATP to 
measure and monitor surface contamination within healthcare 
settings. The way this affects a monitoring protocol may cause 
results to be interpreted one way without consideration for these 
fundamental aspects discussed. A higher ATP level sampled on a 
surface accounts for a wide range of microorganisms including skin 
and blood cells (Pyrek, 2017). A higher ATP level may also indicate 
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microbes with high metabolic activity during a state of replication and 
sporulation. Without identifying which organisms are present in a 
sample, a low ATP level may be interpreted as simply cleaner after 
disinfection. Applying the role of metabolic activity functioning at 
different states in varying types of microbes, a low level of ATP may 
be interpreted as the presence of either dormant or non-replicating 
cells which could mean their survival and resistance is stronger. 
These considerations can be used in conjunction with traditional 
sampling whereby the state of a microbe can be measured for its rate 
of survival and resistance after it has been identified. Further studies 
are recommended to factor in these influences to possibly apply it to 
research or the monitoring protocol used in conjunction with 
traditional environmental testing.  
 
5.6 Chiropractic Clinic Sample Population 
 
ATP and RODAC samples were taken on two different days on 
Monday and Thursday afternoon as described in the protocol used 
by Kingham et al. (2019). ATP test samples were higher on Thursday 
(Md =197) whereas RODAC samples were the same on Monday 
(Md=6.5). Kingham et al (2019) discovered that fungi levels were 
higher on Monday (Md=24) than on Thursday (Md=15). The possible 
reason for Monday having higher levels detected could be explained 
by the lack of cleaning performed over the weekend between Friday 
afternoon until Monday morning. Combining the test methods, a 
minor correlation between the days was observed where Thursday 
samples had higher levels than Monday samples. The possible 
reason for the levels being higher on Thursday was due to the build 
up from the full week and the improper disinfection performed 
throughout the week.  
 
Using RODAC versus ATP, only the head piece and thoracic piece 
were sampled together. The thoracic piece points had the highest 
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levels detected from both ATP (Md=207) and RODAC (Md=8.50) 
samples, but statistical evidence could not rule out the other areas 
based on the limited data set. Kingham et al. (2019) found that 
microbial loads (CFU/cm2)  on the thoracic piece differed in fungi 
counts (Md=20) being higher than bacteria counts (Md=14). 
Considering the thoracic piece site, the possible reason for higher 
levels detected could indicate that a patient’s body surface area 
contacts this section of the treatment table more and that organic 
material is transferred through this way. If there is no towel over the 
thoracic piece section of the treatment table and the patient has their 
skin exposed and in contact with the thoracic piece.  Comparing the 
head piece to the thoracic piece, Kingham et al (2019) found greater 
bacterial microbial loads on the head piece (Md=16) than the thoracic 
piece (Md=14). This supports that the head piece area cannot be 
ruled out. Considering the head piece area, high levels detected 
could be explained by the direct contact a patient has when lying face 
down on the treatment table. If there is no paper towel between the 
face and head piece, the potential for microbial transferral is 
increased.  
 
Further ATP sampling alone on the Chiropractic treatment table 
included the headpiece, thoracic piece and both right and left 
armrests. The thoracic piece revealed higher RLU levels (Md =  175) 
compared to the head piece with the lowest RLU levels (Md = 142). 
The right and left armrests were higher than the head piece 
respectively (Md=154; Md=153). Similarly, Chiropractic treatment 
table areas of greatest concern included the armrests which proved 
to have the highest bacterial counts in two studies (Bifero, Prakash, 
and Bergin, 2006; Kruger et al. 2017).The possible reason for these 
findings could explain how organic debris detected includes skin cells 
that may transfer from the hands to the armrests and from an 
exposed chest onto a treatment able without a towel. The concern is 
that these surface areas are in direct contact with the patient and 
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without cleaning, the next patient is put at risk of contracting the 
potential pathogens from a previous patient. Each area of the 
treatment table needs to be adequately disinfected between patients 
and coverings (face paper towel and bed towel) should be replaced 
to minimise the risk of exposure. It is particularly important for the 
current circumstances during the Coronavirus disease of 2019 
(COVID-19) pandemic where hand washing, and cloth masks are 
used to protect and practice safety. If treatment tables are 
inadequately disinfected and protection coverings are not used, the 
risk of a COVID-19 outbreak in Chiropractic clinics will be increased. 
 
Samples were taken from treatment tables that were situated in 
different room  areas within the Chiropractic clinic (Figure 4.1). 
Treatment room placements included outer room (n=188) areas and 
inner room areas (n=54). Comparing the two, a significant difference 
between the inner (Md=260) and the outer rooms (Md=140) was 
observed (p = 0.0004). The results support the findings of Kruger et 
al. (2017) who discovered this significant difference and suggested it 
to be due to bioaerosol-contaminated air filtrated in outer rooms 
whereas the inner rooms are filled with fungal propagules that settle 
from the outside-in. The vegetation located near the north-facing wall 
of the clinic is near the outer rooms that have windows and sunlight 
which can help in reducing the survival of microorganisms. Inner 
placed rooms have no windows and less air filtration which adds to 
the reason why surface contamination with microorganisms is higher. 
Bowes et al. (2018) who supported this evidence found higher cell 
counts on the treatment beds in the East facing room (inner) 




Considering the findings and discussions on ATP testing, 
recommendations  and guidelines for the UJ Chiropractic clinic to 
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adopt the use of ATP testing alongside microbial culturing will be 



































CONCLUSION AND RECOMMENDATIONS 
 
 
6.1 Introduction  
 
Monitoring the surface environment of Chiropractic treatment tables for 
microbial build up and standard of cleanliness is part of a prevention 
strategy essential to limiting infection outbreaks and creating a safer 
healthcare facility. A monitoring programme must be specifically 
designed and set up according to the requirements for the DFC 
Chiropractic Clinic at the University of Johannesburg. The findings of 
this study suggest that although ATP testing cannot replace traditional 
culturing for recognising specific microbial contamination, utilisation of 
UltraSnap™ Surface ATP testing was useful in validating the cleaning 
efficiency of Chiropractic treatment tables. By implementing traditional 
culturing in this study like Kingham et al (2019), findings of high 
bacterial counts were collected thus indicating that the Chiropractic 
treatment tables were contaminated and inadequately disinfected.  
 
All sampled surfaces using traditional microbial culturing carried 
bacterial microorganisms while the sampled surfaces using ATP 
testing showed consistently high levels of organic debris indicating an 
unclean surface. Although a direct correlation between the two 
methods could not be established, they equally showed value in being 
able to support surfaces as being cleaner or bacteria free after 
disinfection. Traditional culturing is and will always be necessary for 
assessing specific microbial contamination that could pose a threat in 
any healthcare sector.  However, being a time-consuming and labour-
intensive task for large scale projects makes it difficult to implement on 
a regular and effective basis. As a teaching facility that the UJ 
Chiropractic clinic is, it makes it costly and time consuming to use 
traditional culturing for routine monitoring. ATP testing may be unable 
to identify fungi and bacteria, but it is effective at detecting whether a 
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surface has been cleaned well or not in minimal time. As 
recommended by Kingham et al. (2019), faster and more cost-effective 
methods for monitoring surface hygiene within the clinic environment 
will help preventing the spread of infection. It is therefore necessary to 
take the advantages of both methods to be used in conjunction for a 
complete monitoring protocol. It is for this reason that an infection 
surveillance strategy proposed in Figure 6.1 includes both RODAC 
contact plating to detect the bioburden and ATP testing to evaluate 
quality of cleaning of Chiropractic treatment tables for Pathogen 
Surveillance in UJ Chiropractic Training Clinic. 
 
6.2 A Proposed Monitoring Guideline for Pathogen Surveillance 
at UJ Chiropractic Training Clinic 
 
1) Outcome  
 
The most frequently identified bacterial strains and fungi species 
should be classified. Based on the findings in previous and future 
studies, the most common bacteria and fungi will be set as the 
baseline. RODAC contact plating will then be prepared accordingly in 
order to detect the most frequently detected microorganisms. Any 
incidence above the baseline rates must be flagged by the Water and 
Health Research Department. Other specific guidelines will include; 
sampling a specific area deemed to be the most contaminated on the 
day and time with the highest levels of bioburden. RLU limits will be 




Cleaning practices by Chiropractic interns should be monitored using 
ATP testing. To ensure the quality of disinfection on Chiropractic 
treatment tables, ATP testing will be performed on the most unclean 
surface areas; thoracic piece and armrests as shown in this study. The 
head piece should still be monitored based on the findings of Kingham 
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et al (2019) showing high bacterial counts. All ATP testing should only 
take place after cleaning has been sufficiently performed to validate the 
quality of cleaning. This will help to ensure whether compliance to 
disinfection and cleaning protocols are being followed. If cleaning is 
below par, guidance will be provided to Chiropractic interns to help 




Routine based monitoring can be performed using ATP testing due to 
its quick and easy processing rate as proven during the sampling 
phase of this study. Samples can be collected throughout an entire 
week (n=5) for example. This type of monitoring can be applied at 
random or based on potential issues with cleaning protocols (i.e. 
Distel™ is becoming ineffective). As recommended by Kingham et al 
(2019), faster monitoring methods will help provide quick feedback that 




RODAC contact plating will only be implemented at intervals due to the 
labour-intensive and time-consuming process. Sampling can be done 
once a month or every four months for example. The intervals will be 
determined based on the available resources, staff and funds to 
support it. Sampling will be done on surfaces before and after they are 
disinfected to confirm the decrease in microbial contamination.  
 
4) Active  
 
Trained personnel at the Water and Health Research Centre will be 
responsible for proactively observation of potentially harmful 
microorganisms from the RODAC samples gathered. The incidence of 
each will be recorded and tracked for any suspicious findings. Data on 
surface cleanliness given by ATP testing results will also be analysed 




3) Passive  
 
Chiropractic interns will be shown how to conduct ATP testing using 
the Hygiena© ATP Monitoring System. Being simple to use and 
process, data collection will then be handed over to the Water and 
Health Department for analysing. These guidelines, written for 
Chiropractic interns and the staff of the Water and Health Research 
Centre contains evidence-based recommendations for the surveillance 
of pathogenic microorganisms and the cleanliness levels of 







Figure 6.1 A proposed monitoring guideline for pathogen surveillance at UJ Chiropractic training clinic – adapted using types of 




6.3.1 Limitations of the surface sampling method:  
 
1) Disinfectants and antiseptics used for environmental contamination 
can inhibit microbial growth on culture medium of RODAC plates 
(Liofilmchem©, 2012). It is therefore possible that bacterial counts may 
not have developed, giving a lower CFU to correlate with ATP levels. 
2) ATP values (in RLU) do not indicate any information on the identity 
of specific microorganisms, only levels of organic debris.  
3) ATP tests were limited N=242 compared to the proposed N=300 as 
shipping and delivery processing was delayed in the duration of the 
sampling process. 
 
6.3.2 Limitations of the sampling process 
 
1) During sampling in the late afternoons, the rooms on the first floor 
were locked by clinic staff, making it impossible to sample the 
Chiropractic treatment tables. These included treatment tables 20,21 
and 22.  
2) Chiropractic interns all rotate between treatment rooms, making it 
impossible to monitor the source of contamination.  
 
6.4 Recommendations  
 
Further studies on monitoring systems should focus on: 
 
1) Using a larger amount of ATP tests over a longer period. 
Potentially sampling daily to observe the difference between the days 
and including all surface areas on the treatment tables (head piece, 
thoracic piece and both armrests).  
2) Include the sampling of high-touch objects such as the door 
handles, desks, waiting area chairs and other equipment utilised  by 
all Chiropractic interns.  
3) Studies should provide feedback regarding the effectiveness of 




6.5 Conclusion  
 
Overall, the information gathered by this study both supports and 
emphasizes the utilisation of ATP testing in conjunction with 
microbial culturing to monitor the environmental cleanliness of 
Chiropractic treatment tables at the UJ Chiropractic clinic. The 
benefit of combining these methods will ultimately provide a safer 
environment at a pathogenic level as well as create a cleaner setting 
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RLU limits and Calculations  
 
According to Hygiena’s© guidelines (2013), setting up RLU limits are 
done in the following steps;  
1) Clean the surface to the level of usual cleaning procedures 
2) Conduct ATP testing at a clean location using 5-10 replicate tests 
and being sure not to swab the exact surface area more than once 
3) To determine the Pass limit, calculate the average RLU for the 
location by adding all test results then dividing the sum by the number 
of tests taken. The resulting number being the average RLU is the 
pass limit  
4) To determine the Fail limit, the Pass limit is multiplied by 3  










RLU Limit Formula Calculation ATP (RLU) 
Pass 𝑃𝑎𝑠𝑠 =  
𝑆𝑢𝑚
𝐶𝑜𝑢𝑛𝑡
 𝑃𝑎𝑠𝑠 =  
1320
10
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Statistical Results  
 
Table  Showing normality test results using a) Levene’s Test 
for Equality of Variances and b) T-test for Equality of 
Means for the differences between Monday and 




results   
Variances  a) Levene's Test for 
Equality of 
Variances 
b) t-test for 
Equality of 
Means 
F Sig. Sig. (2-tailed) 
c) RLU  Equal variances assumed 0,266 0,607 0,385 
Equal variances not 
assumed 
    0,385 
d) CFU Equal variances assumed 2,604 0,110 0,340 
Equal variances not 
assumed 
    0,349 
 
 
Table  Showing Mann-Whitney U test results for the 
differences for RLU and CFU levels on the head piece 
and thoracic piece 
 
  CFU RLU 
Mann-Whitney U 13,000 291,500 
Wilcoxon W 91,000 957,500 
Z -3,432 -4,015 
Asymp. Sig. (2-tailed) 0,001 0,000 
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